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Energy is at an historic crossroads. Abundant, versatile and inexpensive sources of
"i~tnergy are essential to modern industrial economies. At the same time, the produc-

jion and use of energy figures prominently in many of our most serious environmen-
.,Aalproblems, while the most accessible and least costly fossil fuel resources are

,;'beingdepleted. There are severe environmental, resource, and institutional constraints
_on the continued expansion of conventional forms of energy at historic rates. The
age of easy energy is over.

Today's energy patterns and problems emerged from an unprecedented era of·
--industrialization, cultural transformation, and economic and geopolitical change.

/i'!heindustrial revolution was also an energy revolution. Since the mid-nineteenth
rc,e~tury, global energy consumption has increased by a factor of almost twenty, while

";?rnodern energy forms - fossil fuels, nuclear power, electricity - have largely re-
placed traditional forms of fuel such as wood and animal power,
- Inevitably, such rapid growth must butt against the limits of a finite planet. In our

era, human disruption of the. environment has reached a scale which is comparable
to that of the earth's natural resources and ecosystem processes. Sustainable devel-

". opment seeks to reconcile socio-economic and environmental objectives by provid-
":\ing for the people of today while preserving the quality of natural resources and

:ecosystems for future generations.
,tIn order to clarify the requirements of sustainable energy development this report:

describes the current patterns of global energy use, production, and resources,
and places them in historical context,
presents aglobal Iong-range Conventional Development Scenario for energy to .
the year 2050 assuming mid-range population and economic projections, gradual
evolution of human and natural systems, and global convergence of technologi-
cal, institutional, and cultural processes, using the PoleStar accounting system,

. ,.,identifies potential environmental, resource, and social stresses related to pur-
suing a conventional development path, and

.'discusses the implication of the Conventional Development Scenario for sus-
tainable energy use.

The Conventional Development Scenario is defined by population, economic,
, j~chnological, institutional and life-style assumptions. In the scenario, global popu-
f>:-)ationgrowsto ten billion by 2050. About 95% of the growth is in developing coun-
, ":"tt~es, with rapid urbanization. The global economy expands by a~factor of 4.5 with

.'!g'r'owthrates most rapid in developing regions. However, the absolute difference
:i-.', ,:>. '

"petween per capita incomes in industrial and developing regions increases substan-
tially in the scenario. In industrial regions, the scenario assumes that the structure of

.'the economy continues to gradually shift toward the service sector, that consump-
_ tion levels intensify (e.g. automobile use, consumer equipment), and that the effi-

-~', ':-ciency of energy using equipment continues to improve, while developing regions'
.-economies, lifestyles and technologies converge toward projected industrial country

patternsas incomes grow.
c ~';:;,~nt9~sc~nario,. global energy. require~ents incre~se to ~ver 2.5 ti.mes curreht
....'uesby20S0; WIthmuch of the growth m developing regions. FOSSIlfuels cOh-

,tlnue to dominate the energy mix with a significanr-expansion of renewable .and
''f{odear enefgy.supplies,as well. The purpose of introducing such a conventional
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energy scenario is not to divine a future which is either probable or desirable. In-
, deed, we suggest that the conventional development future is probably neither self-
.. consistent nor feasible. Conventional development as we characterize ithere would

likely be knocked far off course by the stresses it would impose on environmental,
resource and institutidnal systems. Furthermore, the continuity assumption of the
scenario is deeply problematic, since history suggests that the future will likely hold
big surprises. Rather, the scenario provides a useful cognitive aid for understanding
the constraints on business-as-usual development, and a reference for exploring the
timing and scale of policy measures for catalyzing alternative energy development
scenarios.

We identify and discuss a number of areas of potential resource, environmental,
economic and institutional stress in the Conventional Development Scenario. These
include: r.

• pressure arising from the depletion of fossil fuel resources, including energy
price and energy availability uncertainties, and geopolitical tension caused by
the concentration of oil and gas resources in a few regions of the world,

• substantial barriers to the rapid expansion of nuclear generation including con-
0; cerns about cost, safety, radioactive waste disposal, and, especially, security is-

sues,
• constraints on realizing the full engineering potential of hydroelectric facilities

such as habitat and ecosystem disturbance, and human displacement,
• the risk of significant climatic change due to increases in global greenhouse gas

emissions from energy combustion, which increase by a factor of three in the
scenario,

• limits on the expansion of traditional fuels and the consequences for the poor
and rural environments, and

• increasing local and regional pollution related to energy use, such as increasing
oil spills, acid rain, toxic emissions, and air pollutants.

There are also significant social implications of the scenario. The grave environ-
mental and resource pressure of the conventional development path, in the context
of continued inequity between and within nations, could compromise social cohe-

.••••1 sion, increase migration and stress international security systems. In the absence of
policies to reduce widening income disparities between and within countries, the
absolute number of people living in conditions of dire poverty could increase as
population grows. Poor countries are under heavy pressure to export commodities in
order to meet the basic needs of their people, to purchase vital imports, and to pay
international debts. Often this means exploiting natural land and mineral resources
with little regard for the long-term costs in resource depletion and environmental
'deterioration.

The scenario examined in this study helps clarify the uncertainties and stress
points of a conventional picture of energy development. It is a useful point of depar-
ture for examining alternative long-range scenarios and their implications for energy
and development policy. Ultimately, energy must be placed in a holistic context

\. where energy sustainability can be addressed as an aspect of a broader transition to .
social and environmental sustainability. Based on the findings here, this will take us
beyond conventional development notions, and will carry profound implications for
the.future well-being of humanity and the planet we inhabit. I



1. CONTEXTS ANDOBJECTIVES
Civilization is in the midst of a profound global transition. Over two centuries ago,
the industrial revolution introduced an age of unprecedented growth in population,
consumption and resource use. Since 1950 alone, global population has doubled,
energy production has more than tripled and economic output has increased by a
factor of five. Inevitably, such rapid growth must butt against the limits of a f~nite
planet. In our era, human disruption ofthe environment has reached a scale which is
comparable to that of the earth's natural resources and ecosystem processes.

1.1 The Historic Challenge
The grand question on the historical agenda is whether society can now manage a
transition to a new phase of human development which addresses the social and
economic aspirations of the world's people, in a manner which is compatible with I~'

environmental preservation. Such a sweeping transition can be thought of as a set of
interlinked subtransitions in population patterns, technology, values, governance struc-
tures and economic organization (Gell-Mann, 1994). Transformations in the mode
of human development have occurred before in which each of these dimensions
have undergone qualitative shifts, for example, the transitions to settled agriculture
and then to industrial society.

In the past, however, new social formations have .ernerged organically and pro-
gressed gradually from the opportunities offered by previous cultures. The daunting
challenge for the next transition is for humankind to anticipate the unfolding of
crises which can only be ]glimpsed upon today, to conceive an alternative paradigm
for development, and to actualize the political will for change. If current environ-
mental and social crises advance too far, there is a real danger that today's genera-
tion will place their descendants at risk of social devolution.

the 1992 Earth Summit, the nations of the world acknowledged the need to
manage the transition byi adopting a new model to guide global, national an~ local
development. Sustainable development would seek to provide for the people of to-
day while preserving the quality of natural resources and ecosystems for future gen-
erations. This bold idea, while clear in spirit, remains to be realized as a practical

i.basis for action. This awaits the formulation of concrete sustainability principles,
targets and plans. I

/.<;

').r~/The Energy Dilemma
;,~~irnportant aspect of this general problem is the clarification of the requirements
·"?E...~ustainable energy development; Energy is at an historic crossroads. Abundant,
;versatile and inexpensive sources of energy are essential to modem industrial econo-

r::"';:}':.;.;,-;'.":--':.' ..:'--: _ '. (.I

"Srni~~.'i\tthe same time, the production and use of energy figures prominently in
·II1anyof our most serious environmental problems, and the most accessible and least

q~~lyfossi1 fuel resources are being depleted. There are severe environmental, re-
S?~;~:,.~.ndinstitutional constraints on the continued expansion of conventional forms
'(en~rgyat historic rates.

?Thegepletion of nonrenewable fossil fuel resources will likely lead to higher
t~r?sthese fuels, and reduced availability. The nuclear power option must over-
. e.concems about economic viability, safety, waste disposal and international

. hydropower sites have al~e.a?y been expl~ited ..Capital requ~~e-
of large energy facilities are huge, diverting scarce capifal
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i

resources in developing countries from other social and economic investment needs.
~Finally, the skeptical engagement of vigilant local communities rriakes the path from
;"the conception of an energy project to its realization, once a straight-forward finan-
cial and engineering exercise oblivious to the issues of "external" environmental
costs, into an increasingly complex regulatory and permitting process. The age of
easy energy is over.

The problem of uncertain energy supply is likely to be compounded by growing
pressure corning from the demand side of the energy equation. To gauge the scale of
the problem, if the world's projected mid-21st century population of 10 billion peo-
ple were to consume energy at the same level per person as enjoyed in the United
States today, world energy requirements would grow by a factor of eight. Can such
energy intensive lifestyles be extended to a growing population? Can energy goals
and environmental constraints be simultaneously satisfied? Are conventional para-
digms for energy development adequate for a transition to sustainability? These ques-
tions motivate this study .

. -1.3 The IndustriallEnergy Revolution
The prodigious growth in human numbers, material consumption, industrial pro-
duction, and claims on land and natural spaces is the culmination of the dynamic
advance of-industrial society toward a world system. From the time of the enclo-
sures through the colonial period to the market expansion of our own period, mod-
ern culture has transformed the societies at the center of the revolution, while pro-
gressively incorporating those on the periphery.

A number of reinforcing elements comprised the new order. The value of posses-
sive individualism became a secular religion sweeping away more traditional and
community-oriented norms. In economic theory, and to a lesser extent in practice,
the modern individual was-of a new species, Homo economicus, a rational, informed
and greedy agent in the free market. Material wants and needs were met, expanded
and transformed in a continuing spiral of production and consumption, while eco-
nomic efficiency became associated with the private control of investment surplus,
the free market, and unfettered trade.

At the same time, parallel and reinforcing attitudes arose in religion (the Refor-
mation), political philosophy and modern science, which became relatively free of

" received dogma. For industrial society, nature was a cornucopia, an essentially lim-
itless and free wellspring of resources, space and services. Spawned by these changes,
the scientific revolution, through technological innovations, in turn, greatly acceler-
ated them. These various factors came together as a powerful, growth-oriented,
modernizing, and dominant world system, albeit with sad counterpoints in social
disruption, loss of community and environmental degradation.

The industrial revolution was also an, energy revolution, Indeed, the transition
from traditional forms of energy - wood, charcoal, small hydropower, human and
animal power - to the concentrated forms of the modern era - fossil fuels, nuclear
power, electricity - was a precondition for the industrial explosion (Landes, 1970).
As infrastructures and markets developed for the production and distribution of
modern fuels, flexible and compact sources of motive power were sought, discov-

\. ered and exploited to drive a burgeoning array of industrial processes and consumer
uses. The industrial revolution emerged through a bootstrapping process involring
increasingly sophisticated production technology, the transformation of cons9mer
lifestyles, and the development of modern energy systems. For example, the evolu-
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tion of mass production techniques, the automobile culture, and the age of oil were "\
mutually reinforcing and indispensable aspects of a unitary phenomenon.

1.4 A Changing Energy Picture
The dramatic increase in the scale of energy consumption is illustrated in Table 1.1.
Since 1850, total global energy use has increased by over a factor of sixteen. Total
energy can be decomposed into the product of population and energy use per capita.
Both of these factors have contributed to total energy increase. As shown on Table
1.1, population has increased by nearly a factor of 5 and energy use per capita by a
factor of 3.5, from 19 GJ to 66 GJ per capita.'

Table 1.1: Global Energy Patterns. r-

1850 1990 Ratio

Population (billion) 1.1 5.3 4.8
Energy per capita (GJ) 19 66 3.5
Total energy (EJ) 21 349 16.6

Source: Figures for 1850 based on Holdren (1992); 1990 from this report.

As total energy use surged in the course of industrialization, the energy mix -
the breakdown of total energy use by fuel types - also underwent an historic shift.
From the time of the discovery of fire, humans have supplemented their own labor
power with other forms of energy including animal power and traditional biomass
fuels - fuelwood, charcoal, crop wastes and animal dung. In 1800, nonanimate
energy was almost entirely from traditional biomass fuels, and as late as 1850, was
still almost 85% biomass. Today, modern fuels (petroleum, coal, natural gas,
hydropower, nuclear fission) comprise more than 90% of global energy use.

The rise of modern fuels has been an uneven process with first coal, then oil, gas
and nuclear undergoing growth spurts as illustrated in Figure 1.1. The changing
pattern is a complex story of the exhaustion of the most accessible sites, the need for
more flexible fuel forms (such as petroleum products, natural gas, and electricity),

" ,
the improvement of exploration technology and the emergence of global institutions
and infrastructure for trade in energy commodities.

c.
I The basic energy unit used in this report is the Joule. The natural unit for expressing total energy is

the exajoule (1 EJ = lO'XJoules), and per capita energy figures are in gigajoules (1 GJ = 109

Joules). Various intensity figures (e.g., industrial energy per US$ GDP) are in megajoules (1 MJ ==
106 Joules). Electric energy is often expressed in kilowatts-hours or terawatt-hours (1 TWh = 109

kWh) and electric power in megawatts (1 MW = 106 W).
Useful conversions:
1,000 kwn = 3.6 OJ
1 kW = 31.6 GJ/year, 1 TW = 31.6 EJ/year
1 BTU = 1,055 J
1 tonne coal equivalent (tee) = 29.3 GJ
1 tonne oil equivalent (toe) = 44.8 GJ
1 barrel of oil equivalent (boe) = 6.12 GJ
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1.5 The Conventional Development Scenario
Today's energy patterns and problems emerged from an unprecedented era of indus-

,-- trialization, cultural transformation, and economic and geopolitical change. In look-
ing toward the future, the natural assumption is often made that the values and dy-
namics of the industrial system will be progressively played out indefinitely and on
a global scale. Though often tacit, this perspective represents a vision of a long- .
range global future - a vision that we refer to here as the Conventional Develop-
ment Scenario. (CDS) - which is continuous with the patterns of energy, socio-
economic arrangements, values and lifestyles that evolved during the industrial era.

The antecedents of the conventional picture of energy development are found in
the emergence of the modern energy system as an integral aspect of the industrial
transition. The constellation of values that underpinned that historic process pro-
vide, by extension, the principles that shape the conventional development vision.
These include free markets, private investment, and competition as the fundamental
engine for economic growth and wealth allocation; rapid industrialization and ur-
banization; possessive individualism as the motive of human agents and the basis
far the "good life"; and the nation-state and liberal democracy as the appropriate
form of governance in the modern era.

" The Conventional Development Scenario. envisions the continuous unfolding of
these processes without major social, technological, or natural surprises and disrup-
tions. In this picture, the cluster of factors shaping the world of the 21st century
might be thought to include the globalization and deepening of the information revo-
lution; the progressive homogenization of culture on a global scale; the expansion of
consumerist and individualist personal values; the convergence of developing coun-
try economies, technologies and cultures toward those of industrial countries; and
the increasing economic dominance of large multinational corporations an an inter-
national economic field .. -,

In fact, a number of significant social, environmental and cultural uncertainties
could undermine this picture (Kennedy, 1993; Svedin and Aniansson, 1987). Our
aim here is to explore the energy dimension of a conventional development frame-
work in order to identify such uncertainties. To do so, we review the current energy
picture in same detail (Section 2), present an energy scenario. to' the year 2050 that is
compatible with the conventional development paradigm as we have characterized
it (Section 3), examine the stresses, uncertainties and risks of such a scenario (See-
tion 4), and discuss the foundations far moving bey and the conventional paradigm

_to' energy sustainability (Section 5). Sections 2 and 3 present a technical analysis of '
current patterns and trends, respectively. Readers less interested in the quantitative
details may want to go directly to Section 4, where the scenario is summarized and
discussed, without loss of continuity.
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2. CURRENTPATTERNS
The global energy system in its entirety is an extremely complex web of relation-
ships. It includes the stocks and flows of natural resources; the exploration, produc-
tion, trade, distribution and consumption of energy commodities; and the policy,
financial, regulatory, and geopolitical institutions and processes which influence the
system. It is useful to begin by representing the physical aspects of the system as a
set of current accounts for major global regions. '

Three major components of the energy system are introduced in Figure 2.1: final
demand, conversion, and primary energy supply. Final demand refers to the fuel and
electricity requirements at the point of consumption for the diverse production and
consumption activities - or end-uses - of society. Energy conversion refers to the
transformation of naturally occurring sources of energy into products suitable for
final use, orfinal energy forms. The conversion accounts also include the transmis- "
sion and distribution of final energy forms to end-uses. Major energy conversion
sectors include electric power generation, petroleum refining, alcohol production,
and charcoal making. In energy system accounting, the outputs of conversion proc-
esses are equal to final demands.

The primary supply block in Figure 2.1 refers to the production of natural re-
sources in a given region - fossil fuels, uranium, hydropower, biomass, geothermal,
wind and solar. Primary supply also accounts for th~ trade in energy commodities
and net changes in stocks. Primary supply in a given region is equal to primary
production plus net imports (defined as imports minus exports) plus stock changes .

. As such, it is a measure of the total primary energy forms needed for activities in
each region (and imports of final energy forms such as electricity). The energy sys-
tems of each region are linked through trade in fuel commodities and the intercon-
nection of distribution Systems.

These three components are used in constructing the energy balance, a standard
format used to summarize the energy system of a region for a given year. The energy
balance summarizes the flow of energy for major fuel categories from primary pro-
duction through energy conversion to final demand. For reference, current energy
patterns as developed in this study for ten global regions are collected in Appendix

energy balance format.

2.1 Representing the System fOJ;" Analysis
The specification of the configuration of the global energy system is an art that must
balance between two pulls. On the one side, detail is demanded in order to represent
the system in sufficient richness to reveal important patterns and policy opportuni-

D.

2.1: MajorComponents of the Energy System.
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ties. On the other, the desire for detail must be tempered by serious weaknesses in
the available data base, uncertainties in the theoretical understanding of the dynam-
ics and interactions of the energy system, and the need for results that are reasonably -
transparent and readily grasped. The approach here attempts to introduce maximum
detail subject to these constraints.

The specification of energy accounts has structural and spatial dimensions. The
structure of the system is defined by the disaggregation of the major blocks intro-
duced in Figure 2.1 into components. The structural disaggregation relied on in this
study is presented in the left column of the energy balances in Appendix A.

Energy demands may be represented by the simple relationships:

TFD = LFD(i)
FD(i) = ACT(\)*INT(i)

Total final energy demand (TFD) is expressed as the sum of final demands (FD)
over a set of end-uses (index i). Each end-use final demand is the product of a meas-
ure of end-use activity (ACT) and an energy intensity (INT), or energy use per unit
activity. In many energy analyses, final demand is represented by highly aggregated

"measures, for example, by relying on a single activity such as ODP, and an overall
intensity such as energy use per unit ODP. The analysis then focuses on projections
of GDP, summary trends of intensities for the economy, and fuel shares. This aggre-
gation can mask critical factors.

Energy consumption is not a "good" in itself, but rather a means for achieving
other human ends - heating, cooling, mobility, manufacturing, cooking, etc. Frorri
the perspective of development and quality-of-life objectives, what matters is the
quantity and character of such end-use services, not energy consumption per se. The
relationship between the service and the energy use depends on the efficiency of the
end-use equipment. Accurate assessment of the potential for improvements in the
efficiency of the conversion of energy into end-use services (which decrease
intensities), for changing the mix of fuels comprising an energy intensity, or for
altering the types and levels of activities (e.g., transportation patterns) requires de-
composition of final demands.

Furthermore, the increase in a type of end-use equipment typically goes through
a growth phase as new technologies are introduced and then moderates as markets
become saturated. For example, the growth in the number of refrigerators typically
occurs quite rapidly when personal incomes grow in a region, then abates as owner-
ship levels approach 100 percent of households. Accurate forecasts of energy de-
mand require an understanding of these limits, which can be lost in aggregate pro-
jections of historic trends.

With this in mind, it is desirable to disaggregate final demand into the require-
ments of major sectors of activity (e.g., households, transportation, industry, serv-
ices, agriculture), further into subsectors (e.g., household types, transportation modes,
industrial classifications, service categories, crops), and end-uses (e.g., household
appliances, vehicle types, industrial processes, building requirements, fanning prac-
tices).

Tempered by the paucity of global data on end-use activities and energy use, we
have adopted the data structure of supply and demand reflected in the'enerlgy bal-
ances(see Appendix A). For each component, we define activity levels, energy
intensities and fuel mixes. The configuration of energy conversion processes and
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primary requirements are also displayed in the energy balances. The most signifi-
cant conversion processes are electric generation, petroleum refining, ethanol pro-
duction and district heating.

The spatial structure for long-range global assessment requires enough resolution
for exploring important global variations and trade patterns, while not exceeding the
availability of data and the capacity to grasp the main contours of the global system.
As with previous global assessments '(reviewed in Section 3.1), we have adopted
multi-country regions as the basic structure of analysis. Specifically, we have grouped
countries into ten global regions, based on the comparability of socio-economic de-
velopment and geopolitical considerations. The regional groupings and the coun- .
tries included in each are displayed in Table 2.1.

There are many alternative ways of defining global regions, e.g., by dominant
religio-cultural practices, by agro-ecological zones, by river basin, by socio-eco-
nomic system. Furthermore, there is never a sharp demarcation between regions, so
certain countries can arguably be moved from one region to another without doing
violence to the analysis. No configurations are without conceptual complications
and daunting data problems. For example, the anachronism of defining the Former
Soviet Union as a region is necessary for now because that is the way data has been
organized historically. The regional structure employed here is reasonably manage-
able while preserving sufficient spatial detail for the-purposes of understanding en-
ergy flows and trends.

2.2 Final Fuel Demands
Current global final fuel demand is about 250 EJ.2 Global demand can be analyzed
further by decomposing the aggregate figure along three dimensions: fuel types,
activities and regions. As illustrated in Figure 2.2(a), the fuel composition is dorni-
nated by fossil fuels at 75% of the global total, comprised of 43% petroleum prod-
ucts, 17% natural gas and 15% coal. Other significant final energy forms are elec-
tricityat 14% of global demand, biomass at 8% and district heating at 3%.

As a second cut on the global total, we consider the breakdown by category of
activity. For an overview, Figure 2.2(b) summarizes the .shares of final demand by
five major economic sectors. Global consumption is led by the industrial sector (41%),
followed by transport (25~), households (22%), services (9%), and agriculture (3%).

Turning to the spatial cornpositien of global energy demand, energy consumption
shares for our ten regions are presented in Figure 2.2(c). Clearly global consumption
is dominated by the OECD regions which account for 50% of global energy de-
mand. The transitional regions (FSU and Eastern Europe) account for 19%, and the
developing regions account for the remaining 31% of global energy demand.'

The breakdown of final demand by fuelis presented for each region in Figure 2.3.
We see that petroleum products account for more than 50% of final demand in 5
regions (North America, Western Europe, OEeD Pacific, Middle East, and Latin
America), while coal account for 60% of final demand in China+, Energy from
biomass is significant in Africa, Latin America, and South & East Asia, accounting
for between 19% and 47% of final demand by region. ,.'

2 All "current" data in this report are for 1990, the most recent year where comprehensive natio1nal
energy statistics are available. .

3 We occasionally combine regions into three groups: transitional regions (FSU and Eastern Eu-
Europe, and GEeD Pacific) and developing Ire-

and South & East Asia).
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Table 2.2: Energy demand by sector (EJ).

Region House- Trans- Services Industry Agri- Total
holds port culture

North America 10.8 22.4 7.2 22.7 0.7 63.7

Western Europe 9.6 11.8 4.9 16.3 1.0 43.5

OECD Pacific 1.9 4.3 1.4 7.4 0.3 15.4

Former Soviet Union 6.8 6.5 3.1 19.9 3.9 40.1

Eastern Europe 1.5 1.0 0.9 4.4 0.4 8.2

Africa 5.2 1.6 0.6 2.5 0.1 10.0

\. Latin America 4.0 5.1 0.4 5.7 0.4 15.6

Middle East 0.9 2.3 1.0 2.7 0.1 171
China + 6.1 2.2 0.7 14.5 1.0 -, 24.4

South & East Asia 8.3 4.5 1.2 6.5 0.4 20.9

I
World 55.2 61.7 21.4 102.5 8.3 249.1
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We may also examine the sectoral composition of final demand across regions
(Figure 2.4). The variation of relative sectoral shares is related to a number of fac-
tors specific to each region. First, the structure of economic activity evolves with the
level of industrial development and the particular economic growth strategy which
has been adopted. For example, service sector output is a rising share of total na-
tional output in OECD regions, heavy industry has been emphasized in the develop-
ment strategies in Eastem Europe, the' former Soviet Union, and China, and natural
resource exploitation is relatively important in the economies of many developing
countries.

Second, the energy efficiency of end-use equipment influences the sectoral pat- .
tern. For example, electrically-driven devices, which tend to grow in importance
with rising incomes, are relatively efficient at the end-use while traditional wood
stoves are quite inefficient, thereby contributing to the anomalously high share for
household energy consumption in Africa. Third, infrastructural and life-style varia-
tion influences the sectoral composition. For example, in North America where there
is heavy reliance on the private automobile and a highly mobile population, the
share of energy use in transportation is large.

For reference, we summarize final energy demand figures in Table 2.2. In the
following subsections, we look in more detail at demands for each sector.

2.2.1 Households
Energy is used in households for a wide variety of end-uses: lighting, cooking, space
heating, air conditioning, refrigeration, clothes washers and dryers, televisions, and
an immense variety of electrically-driven consumer devices. The character of house-
hold consumption today varies between and within regions as a function of income,
culture, life-style, climate and access to; energy forms, such as electricity. Conse-
quently, a satisfactory understanding of household energy use requires basic infor-
mation by end-use. .

We begin by summarizing household energy demand per person. Regional values
are shown in Figure 2.5, and compared to the global average to underscore the dis-
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parity between industrialized and developing regions. Household per capita energy
use in North America for example is ten times the level in Asia, Moreover, the
efficiency of converting fuel into final services (that is cooking fuel into boiling
water, boiler fuel into warm spaces) is generally higher in advanced industrial coun-
tries. This implies that gross household energy use figures for a region such as Af-
rica are misleadingly high since a considerable quantity of fuel is wasted in ineffi-
cient fuelwood use.

The great variation in household fuel use patterns is suggested by the fuel share
breakdowns presented in Figure 2.6. Noteworthy are the .Iarge share for biomass in
the househoPd energy mix in developing regions (e.g. 85% in Africa), the heavy
dependence on coal in China (60%), and the increasing reliance on electricity as
household incomes rise to GECD levels. The large share for "heat" in the fuel mix of
the Former Soviet Union (35%) and Eastern Europe (45%) is due to the traditional
reliance on centralized district heating ,sysf~ms in these areas",

The demand for fuel may be further broken down by end-use. An ideal data set
would include sufficient information to estimate the prevalence and energy use of
each major end-use'- ownership levels (e.g. household saturation), fuel mixes,
technologies, device efficiencies and building shell characteristics. This data would
be further broken down by various household groups, e.g. income classes, housing
types, rural and urban communities, with significantly varying energy use patterns.

Such detailed information would provide the basis for understanding current us-
age and for accurately reflecting the effects of assumed changes in household in-
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Figure 2.6: Household energy shares.

It is conventional to define final demand as the fuel reaching the end-user. In the case of the
household sector, for example, coal used to fire an on-site boiler for space heating would be counted
as final fuel use, as would heat produced in an off-site district heating system and delivered to the
household. However, coal or other fuels used to produce the heat centrally is accounted flOf as an
input to the district heating energy conversion process.
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come, demographics, and lifestyle over time. It would also provide a sound basis for
evaluating policy opportunities for meeting household demands in a cost-effective
and environmentally sensitive manner. Unfortunately, while detailed household en-
ergy data have been generated for specific local and national applications, poor data
sharply limit the scope for such end-use disaggregation for multi-country regions.
Available information has been compiled for this report and is summarized in' the
regional energy balances (see Appendix A). Built up from a variety of country level
sources and extrapolated to the regions, .the final energy use figures are far from
precise, but do provide approximate indicators of household energy structures.

2.2.2 Services
The service sector is broadly defined to include such economic activities as offices,
retail, education, hospital and other non-industrial enterprises. Service sector energy
use is largely related to building end-uses: lighting, HVAC (heating, ventilation, and
air conditioning), and equipment. In analogy with the household sector, the assess-
ment would be most powerful if the service sector analysis were conducted in terms
of subsectors and end-use disaggregation. However, the absence of reliable survey
and statistical data, especially outside the DECD countries, makes this unfeasible.

Final energy consumption for services is presented on a per capita basis in Figure
. "

2.7. There is a striking difference between service energy use in industrialized and
developing regions. North America's per capita demand for energy in the service
sector is some twenty times the developing regions, reflecting rapid growth in the
services sector as income increases and higher energy intensities per unit of activity.

Fuel shares are shown in Figure 2.8. In the services sector electricity, petroleum;
and natural gas are the dominant fuels accounting for more than 80% of global serv-
ices energy demand. In seven of the ten regions, a single fuel accounts for about 50%
of total energy demand in the services sector: coal in Eastern Europe and China,
electricity in Latin America, Middle East and South & East Asia, and petroleum in
DECD Pacific and Africa.
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Comparing the composition of demand by fuel between the services and house-
hold sectors in developing countries (Figures 2.6 and 2.8), one observes that the
biomass share is much lower in the services sector, with the electricity and petro-
leum product shares correspondingly higher. This underscores the importance of
biomass for cooking in household energy accounts in developing countries. Also, it
is likely that the heavily biomass reliant informal sector, the small and often unreg-
istered enterprises in many developing regions are not reflected in service sector
energy statistics (O'Keefe et al. 1984). Finally, natural gas in China+ appears to be
directed relatively more toward the household sector, as does district heat in the
former Soviet Union and Eastern Europe.

The current determinants of service sector energy use - and the variables which
will condition future patterns - include the scale of service sector activity, the mix
of activities at the subsectoral level, elld-H'seenergy efficiency, building and archi-
tectural standards, trends in office automation, and fuel availability and price. Un-
fortunately, detailed consideration of these factors is difficult because of an unusu-
ally sparse data base.

2.2.3 Agriculture
The agriculture sector includes activities in farming, livestock and forestry systems.
The agriculture energy demands in conventional energy accounting reflect the use of
final energy forms (especially, fossil fuels and electricity) consumed at the end-use,
e.g. for field operations, irrigation, drying and so on. With this definition, energy
used in the agricultural sector accounts for a relatively small share of total energy
demand, less than 5% of total energy use in each region.

It may appear unintuitive that agricultural activities, the basis for most liveli-
hoods in many developing areas, would contribute such a small fraction of total
energy demands. There-are several senses in which the accounting conventions un-
derstate the importance of agriculture in total energy budgets. First, the accounts
exclude animate power supplied by farm workers and draught animals, still the domi-
nant energy form in many countries. Second, if the solar energy absorbed in the'
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photosynthetic process of crop growth were included as an energy "demand", agri- \
culture energy use figures would increase dramatically, by over a factor of ten in
.modern farming and far morein traditional farming practices (UNIFAO, 1979). Fi-
nally, energy used off-farm for the processing of food and for the manufacture of
farm equipment are accounted for in the industrial sector.

Energy use in the agricultural sector is dominated by petroleum products (Figure
2.9). In fact, in eight of ~heregions, petroleum products account for more than 50%
of agricultural energy de±nand. Energy use per capita is reported in Figure 2.10 where
significant variation across regions may be noted. This may be related to underlying
differences in the determinants of per capita energy for agriculture, such as farming.
practices, energy efficiency, irrigation levels, and geophysical factors. However, the
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variation may also be related to uncertainty in agriculture energy statistics and in
accounting procedures. For example, it is unclear whether the FSU agricultural sta-~

.. tistics include energy consumed for food processing and transportation of agricul-
tural products, or whether they assign these to industry and transportation sectors,
respectively, as is the practice in OEeD regions.

2.2.4 Industry
The industrial sector, accounting. for over 40% of global energy demand, includes
manufacturing, mining and quarrying, and construction. Total demand for each re-
gion was reported in Table 2.2. Industrial energy use is dominated by five subsectors:
chemicals; pulp and paper; stone, glass and clay; non-ferrous metals; and iron and
steel. The global and regional breakdown of industrial energy consumption by sub-
sector is provided in Figure 2.11. The five'highly energy intensive industries account
for about 65% of global industrial energyuse and from 50% to 80% across regions.
Future industrial requirements will be strongly influenced by projected output and
energy intensities in these subsectors.

Turning to the fuel composition of industrial demand, global industry energy de-
mand is dominated by fossil fuels (80%) and electricity (16%), with significant vari-

..ation across regions in fossil fuel choice (Figure 2.12). Naturally, industries tend to
rely on domestically available and relatively inexpensive fuels. For example.in China,
coal is the dominant industrial fuel accounting for more than 70% of industrial fuel
use, while in the Middle East, petroleum and natural gas together account for more
than 90% of industrial fuel use. Industrial energy use is driven largely by the require-
ments for process heat (electricity for motors is also substantial). For this end-use,
the facility manager has great technical flexibility in selecting input fuels, and re-
sponding to local conditions.

Industrial energy intensities, defined as industrial energy use divided by indus-
trial GDP (that is, value added in the industrial sector), are shown in Figure 2.13.
This provides only a crude measure of the efficiency of converting a unit of energy,
input toa unit of economic output. Ideally, it would be desirable to examine indus-
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trialenergy intensities in units of physical output (e.g., tonnes steel) rather than
GDP. Use of a physical measure of output is the method of choice for analyzing a
specific industrial product or industry. However, lack of data on both energy and
physical output for the myriad of diverse products comprising an industrial sector
rules this out for comprehensive representation of current energy demands. It should
also be noted that additional uncertainty is introduced in cross-regional comparisons
where monetary exchange rates (either official rates or rates adjusted for "purchas-
ing power parity") are needed to express national economic statistics in common
units.

These problems notwithstanding, the high values for China, FSU and Eastern
Europe are worth noting though difficult to interpret. In principle, gross industrial -
energy intensities depend on three major factors: type of process technology, energy
management, and the mix of industrial activities. To shed some light on the latter,
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we display the mix over industrial components in Figure 2.14, which shows that the
variation in intensity for a given industrial subsector varies across regions in roughly
the same manner as does industry as a whole. Consequently, it appears that process.,,-
technology and management are the primary determinants of regional industrial en-
ergy intensities today. Moreover, the analysis suggests that policies to steer regions
toward state-of-the-art practices could significantly decrease the energy needed per
unit of industrial activity.

I
2.2.5 Transportation
Regional transportation energy demands were reported in Table 2.2. Standard statis-
tical compilations provide additional data on transportation energy use by four modes:
road, rail, air,--ana water (lEA, 1993). To illuminate the structure of transportation
energy use further and to-provide a basis ~9rprojections and policy evaluation, fur-
ther structure is desirable. For each modej it is useful to split passenger and freight
energy transport requirements since they are determined by very different factors.
Furthermore, to focus on the important case of the private .automobile, it is impor-
tant to make an additional split within the passenger road transport category into
private (i.e. cars and light trucks) and public (i.e. buses) sub-modes of transporta-
tion.' Transport energy statistics reflecting this structure will be found for each re-
gion in Appendix A.
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Figure 2.14: Industrial energy intensity by subsector.
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5 A two-step method is used for the disaggregation: I) initial estimates are developed for activities
(passenger-km and tonne-km) and intensities (energy per unit activity) for each mode, and, within
the passenger road category, for public and private transport separately, and 2) these are adjusted
to match regional energy totals (lEA, 1993). Initial regional averages for activities were based on
available data by country within each region (WRI, 1992; IRF, 1992). Country-level activities
were averaged using population weights. Initial energy intensities (MJ per passenger-krn or MJ per
tonne-km) were drawn from various sources (Gordon, 1991; Schipper and Meyers, 1992; DCS et
al., 1991; Lashof and Tirpak, 1990; Mintzer, 1988; Sathaye et al., 1989). In all regions this lead to
higher estimates of transportation energy use than reported in IEA (1993). Thus two ad~~stments
were required: 1) unspecified energ~ i.n.the lEA accounts was all~cated to the transpohat19n ~ector
in each region, and 2) the total activttres for all modes were adjusted to reproduce the jdJUsted
total transport energy for each region.
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Passenger and freight transportation energy demand is shown for each region on
a per capita basis in Figure 2.15. North America, the highest consuming region,
consumes 40 times more energy per capita for transportation than Asia and Africa.
Furthermore, the per capita transportation energy demand in North America is about
three times that of the other two OEeD regions. Insight into this striking disparity
can be gleaned from examining automobile travel more closely. Here we find ~oth
average distance traveled (Figure 2.16) and average fuel economy (Figure 2.17),
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Figure 2.17: Automobile fuel economy.
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which is the inverse of efficiency, to be significantly higher in North America. In the
United States, sprawling metropolitan centers, long commutes, relatively low gaso-
line taxes, decay of mass transportation systems, and the fabled American "love-

," affair" with the automobile, all contribute to these disparities (MacKenzie, 1990;
Newman and Kenworthy, 1989).

The breakdown of energy use by mode is shown for passenger and freight trans-
portation in Figure 2.18a and 2.18b, respectively. Road transport is clearly the domi-
nant energy consuming mode for both passenger and freight transportation. Road
transport accounts for more than 60% of total passenger transportation energy con-
sumptioniin eight regions (North America, Western Europe, OECD Pacific, FSU,
Eastern Europe, Latin America, Middle East and South & East Asia) and for more
than 80% of total transportation energy consumption in eight regions (North America,
Western Europe, OECD Pacific, Eastern Europe, Africa, Latin America, Middle
East and South & East Asia). Rail and <;Iirtransport constitute the other main energy
consumptive modes oftransportatio'n, with FSU, Eastern Europe, Africa and China
relatively dependent on rail, and the other regions more dependent on air. Water
transports plays a mirior role in all regions.

The transportation sector is almost entirely dependent on petroleum products which
account for 98% of global transportation fuel demand. The remainder is primarily

.. due to coal forrail transport in China, the FSU, Africa, South and Southeast Asia
and Eastern Europe, and to a lesser extent alcohol fuels for road vehicles, especially
in Brazil.

Transportation is a highly dynamic sector with the number of motor vehicles
increasing at over 5% per year since 1960 (Walsh, 1993). Ifrapidly expanding econo-
mies fail to implement policies for more compact land-use patterns, attractive public
transportation options, and high energy efficiency in vehicles, they will tend to ap-
proach the energy transportation-intensive patterns in the U.S .
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'.
2.3 Energy Conversion
As we have seen, the estimated global final demand for energy is approximately 250 .
EJ. In addition, 102 EJ of energy are consumed in the production and distribution of
final energy forms. These "conversion" losses are dominated by electric power gen-
eration, transportation and distribution. As shown in Table 2.3, about two-thirds of
the 102 EJ are traced to the production and distribution of electricity.
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Figure 2.18a: Modal shares in passenger transportation energy demand.

100'10

90%

70%

60% --

50'10

40%

30%

20%

10% -

0% .- -I

E A/rica Lat
Arner

121Water

~Air
_Rail

DRoad

Europe

--<-'---L-t--'-----'-I-'---'--+-''------' -'---'-+--'-----'-1-'----'-1
Mid
East

China+ GlobalNAmer W Pac
Europe OECD

FSU S&E
Asia

Figure 2.18b; Modal shares in freight transportation energy demand.
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Table 2.3: Global conversion losses.

Conversion Process Energy Use (EJ)

Electricity generation
Electricity transmission and distribution
Oil refining
Natural gas losses & own use
Oil losses &,own use
Coal losses 8. own use
Heat production
Discrepancies

60
8
8

10
2
7
2
5

Total 102

Source: Based on lEA (1993)

Electricity is a versatile, clean and convenient final energy form. Not surpris-
ingly, its share in the fuel mix tends to grow in the course of economic development.
'The correlation between the stage of economic development and the use of electric-
ity is illustrated in Figure 2.19 which shows substantially higher electricity use per
capita in industrialized regions. Indeed, access to electricity at affordable rates is
viewed by many as a basic human right rather than a privilege for those with the
wherewithal to purchase it.

The social benefits of electrification must be weighed against important economic
and environmental issues. Electricity can be generated from a wide range of fuels
many of which carry significant environmental costs and uncertainties. The regional
breakdowns of electricity generation by type of source are shown in terms of abso-
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-.
power plants have been the subject of siting controversies and restrictive policies
throughout the world. Moreover, large central station power plants generally are
capital as well as energy intensive. Due to the centrality of electricity provision to
public policy and the relatively non-competitive nature of electric utilities as "natu-
ral monopolies", governments have taken a strong role through direct ownership or
regulation of electric utilities.
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For all these reasons, the electric generation sector has been the subject of unusu-
ally high energy policy scrutiny. In many countries, the electric generation sector has
become a primary arena for initiatives to promote greater end-use efficiency, and
cleaner production.Defining institutional structures and incentives for utilities to
adopt least-cost and environmentally sensitive development strategies will be cen- .
tral to the transition to sustainable energy development in the coming decades.

2.4 Primary Energy Supplies, Production and Trade
Primary energy supplies in a region are defined as the energy inputs required by the
regional economy. The required energy is the sum of final energy demand in the
region, energy lost in conversion processes in the region through the transformation
of primary to secondary fuel forms, and energy transmission and distribution. Pri-
mary energy supplies come from two. sources: regional indigenous production and

j' '

imports.
Primary production is derived from both non-renewable natural resources (e.g.,

oil and gas pumping, coal mining, uranium mining) and renewable or potentially
renewable resources (e.g{ direct solar, wind, hydropower, biomass). We may note
the following relationship: regional supply equals indigenous production plus net
imports (i.e. imports minus exports)." Summing over global regions, net imports

. must add to zero (with no extraterrestrial trade, each export from one region corre-
sponds to an import in another) so that global energy supplies are, in principal, equal
to global production, a measure of the total exploitation of natural resources for .
human energy use. 7

Current global primary energy use is about 350 EJ per year. The breakdown by
the type of energy source is summarized in Figure 2.22. The energy mix is domi-
nated by fossil fuels which account for 86% of global primary energy supplies. The
fossil fuels include.crude oil (39%), coal (27%) and natural gas (20%), which along
with uranium (6%) and hydropower (2%) comprise the maj or modern energy sources
(lEA, 1993).8 The other major primary energy source shown in Figure 2.22 is biomass
which contributes 6% of global energy requirements. Biomass sources are domi-
nated by the so-called traditional energy sources used in developing countries such
as wood for cooking, wood for charcoal kilns, dung and agricultural waste. Biomass
statistics are quite uncertain since the trade in these sources lies largely outside for-
mal markets where more reliable transaction statistics are available."

Global energy requirements by region are illustrated in Figure 2.23. Industrial-
ized regions dominate current energy use. The OECD regions account for 16% of

~ Also, if in a given year there are subtractions (additions) to stocks (e.g., of fossil fuel stockpiles),
then there is a corresponding addition (subtraction) to primary energy supplies. Furthermore, en-
ergy supplied to international marine bunkers (e.g., fueling of foreign ships) are subtracted from a
region's primary energy supplies.

7 In practice, they do not precisely match due to statistical and reporting errors.
x Primary energy from non-cornbusted sources of electric power generation are computed by divid-

ing actual generation by an imputed efficiency. Following lEA (1993), the conventions for effi-
ciency adopted in this study are: uranium at 33%, geothermal at 10%, and hydro, wind, solar and
other renewables at 100%. ' l
The biomass data reported here is drawn from estimates by the Food and Agriculture Organization
(UN, 1990) which are substantially lower than estimates from other sources (Hall e[ aI., 1993).
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"
the world's population yet consume more than 50% of global primary energy. East-
ern Europe and FSU account for 8% of the world's population while consuming
about 20% of global primary energy. The remaining 75% of the world's population
in developing regions consume only 30% of global primary energy.

The regional variation in aggregate energy intensity can be illustrated by compar-
ing energy per capita figures. As shown in Figure 2.24, the global average of energy
consumption per capita is about 65 GJ/year. The comparable figure is 330 GJ/year
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Figure 2.22: Global primary energy requirements by source ..
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Figure 2.23: Primary energy requirements by region.
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for North America, about 5 times the global average, approximately 200 GJ/year for
the former Soviet Union, and about 150 GJ/year for Western Europe and GEeD
Pacific. By contrast, the per capita figure for Africa and Asia is about 20 GJ/year per
capita.

In addition to the large variations in the absolute level of per capita energy use,
there are also substantial differences across regions in the mix of primary energy
sources. The current figures are displayed in Figure 2.25. We see, for example, that
coal provides the largest share of primary energy in Eastern Europe and China +,
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while natural gas dominates primary energy in the FSU, crude oil dependency de- ':
pends, inter alia, on local oil production. It is worth underscoring the significant role
played by biomass in Africa, Latin America, and South & East Asia, between 16%
and 34% of total primary energy.

Since energy supplies are derived from either indigenous resources - those that
lie within a region's juridical boundary - or from imports from other regions, .the
natural resource endowment is a critical factor defining a region's energy circum-
stance. Energy dependent countries must devote foreign exchange earnings to cover
essential energy imports for development and are vulnerable to the price fluctua-
tions and interruptions in international energy markets. By contrast, those areas,
such as the Middle East, with substantial energy resources command considerable
geopolitical influence. The character of the global energy system and its evolution
over time raises critical issues for economic development and international security. r-

To gauge the degree of energy independence, we review the share of regional
primary energy requirements currently derived from imports. The statistics are gath-
ered in Table 2.4 for fossil fuel commodities and all fuels expressed as the ratio of
net exports or imports to primary energy supply of each fuel. Those regions. with
positive net exports are self-sufficient. One notes the high dependence of the OEeD
region on oil imports arid, with the exception of North America, on natural gas im-
ports.

The trade pattern, of course, corresponds directly to the availability of exploit-
able reserves. Mineral statistics are generally organized into the categories of re-
sources, which are estimates of all physical deposits, and reserves, that proportion
of resources which is considered economically exploitable. The latter is in turn com-
posed of proved reserves, which can be commercially exploited under today's tech-
nological and economic conditions and estimated additional reserves recoverable,
which are estimated to be recoverable (with reasonable certainty) given current geo-
logical and engineering information. Fossil fuel and nuclear reserves, including both
proved and additional, are gathered in Table 2.5.

Table 2.4: Net exports (imports in brackets) as % of primary energy supply.

Region Coal j Natural Oil All Fossil
Gas Fuels

North America 14 0 (42) (15)
Western Europe (29) (33) (64) (49)
OECD Pacific (1) (63) (89) 0 (65),
Former Soviet Union 4 13 38 19
Eastern Europe 7 (54) (83) (29)
Africa 31 97 249 137
Latin America 1 (1) 56 40
Middle East (81) 6 410 271
China + 1 0 16 4
South & East Asia (24) 68 (44) (24) »'

Source: Based on lEA (1993)
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A crude measure of the sufficiency of global energy reserves is obtained by divid-
ing world reserves by the current annual consumption - about 140 EJ for crude oil,
70 EJ for natural gas, 90 EJ for coal and 20 EJ for uranium. If current patterns were
to continue, the reserves-reported in Table 2.5 would satisfy many decades of re-
quirements for oil, natural gas and uranium, and several centuries of,coal use. How-
ever, growing energy demands, environmental pressures and geopolitical concerns
would constrain the abundance ofthese resources substantially, as we will discuss in
the next section ..

0

Table 2.5: Proved and additional reserves (EJ).

Region Coal Crude Natural Uranium @

Oil Gas < $US130/kg

North America 5,800 270 790 270
Western Europe 2,200 140 280 53
OECD Pacific 10,700 15 62 310
Former Soviet Union 6,700 340 3,100 0
Eastern Europe 2,300 14 48 7
. Africa 2,000 410 570 390
Latin America 450 3,200 800 59
Middle East 6 3,900 2,700 0
China + 7,800 770 130 2
South & East Asia 3,200 110 500 19

World 41,100 9,100 8,900 1,100

Note: Fossil fuel figures includes both Proved Recoverable Reserves and Estimated Additional Reserves Becov-
erable (WEe, 1992); data for uranium reserves have been converted from mass to energy units assuming 1 tonne
U = 336 TJ, a figure appropriate for a conventional open-cycle. reactor (if breeder reactors are assumed, the
resource estimate increases, by a factor of about 60. .

This preliminary scan of primary energy use raises several salient points: the
global energy system relies heavily on fossil fuels, consumption rates of energy are
much higher in industrialized than developing regions, and energy production and
resources are distributed highly unevenly across regions. We have noted that indus-
trialization in the north depended heavily on the availability of inexpensive fossil
fuels - especially, oil. We will need to examine whether developing regions are
likely to enjoy such conditions in the future as they endeavor to climb the energy
ladder toward parity with the industrialized world.

\



3. A CONVENTIONAL DEVELOPMENT SCENARIO
Having placed energy in an historic context and reviewed the current patterns of \
demand and supply in previous sections, we turn now to presenting a "Conventional
Development Scenario" (CDS). The CDS can be thought of as a narrative about the
future, told in words and numbers, guided by the conceptual and qualitative charac-
terization of the conventional development vision as introduced in Section 1.5. Here
we discuss the implications of a conventional development vision for energy re-
quirements.

The CDS posits a world in which economic, technological and institutional trends
unfold in a continuous and surprise-free fashion, and where the values and institu-
tions of industrial culture gradually penetrate all regions. After a brief review of .
previous long-range scenarios of this genre, the remainder of Section 3 provides a
technical description of the assumptions used to characterize the energy dimensions
of such a scenario. In section 4, we summarize the scenario's resource, environrnen- I~'

tal and social implications, and ask whether it represents a sustainable energy devel-
opment path.

3.1 A Sampler of Global Projections
Previous global energy studies often include a Base Case (e.g. a "business-as-usual"
case, a "no policy" case, or a "reference case"). 10 A Base Case is characterized by the
assumption of little or no alteration in the set of conditions that significantly influ-
ence supply and demand options. In the Base Case scenario, the analyst simulates
the unfolding of current energy patterns under the assumption of no major changes.
in proactive policies to change the efficiency of energy use, the character of demand,
or the supply mix. The additional assumption, tacit in previous treatments of energy
futures and explicit in the CDS, is the presumed evolution and expansion of indus-
trial institutions, values and life-styles on, a global basis.

Selected recent studies are listed in Table 3,1. While all aim, among other objec-
tives, to simulate long-range futures under conventional development '(or Base Case)
conditions, they reflect considerable diversity in specific assumptions about eco-
nomic growth, fuel demands and primary resources. They also rely on a variety of
analytic methods. Some employ aggregate economic models (the so-called "top-
down" approach) while others track energy use and production in some detail ("bot-
tom-up" or "end-use" approach). Still <?thersuse more informal "expert judgment"
techniques. Our objective here is to.examine the implications for energy of a con-

', ,
ventional development scenario, not to comment on the relative merits of the alter-
native approaches, an issue discussed elsewhere (UNEP, 1992).

A particularly prominent long-range global energy study was conducted by the
Intergovernmental Panel on Climate Change (IPCC, 1990a&b) &lndsubsequently
updated CIPCC, 1992a&b). The IPCC exercise included an extensive international
process that involved analysts representing all regions of the world. The results have
received an unprecedented level of dissemination and discussion, with ample op-
portunity for comment and critique from a wide spectrum of energy and policy pro-

[0 Not included in this summary review, are studies which bypass a base case or conventional, devel-
opment analysis in focusing on normative scenarios which incorporate, for example, very high
energy efficiency (Lovins, 1977), rapid transition to global equity (Goldemberg et aI., 1988), and
minimal fossil fuel use (Lazarus et a!., 1993; Johanssonet a!., 1993),
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Table 3.1 Selected global energy studies.

Approach Number of
regions

Base case primary
energy requirements

(EJ) in 2050

Hafele et al, (1981a) Cop lex linked IIASA models 7

Seidel & Keyes (1983) Parital equilibrium, aggregate 9
demand (Edmonds-Reilly Model)

Edmonds and RelJly (1985) Partial equilibrium, aggregate 9
demand (E-R Model)

Lashof & Tirpak (1990) Atmospheric Stabilization 9
Framework (ASF, inc. E-R Model)

Manne & Richels (1990) Partial equilibrium, 5
aggregate model \"'::

i-

"
Whalley & Wigle (1992) General equilibrium 6

Oliveira-Marins et al, ,General equilibrium 12
(1992) (Green Model)

Nordhaus (1992a&b) Optimal growth model (DICE) 6

Sinyak & Nagano 'Bottom-up (LEAP, MEDEE, 10
(1992) MARS)

World Energy Mixed set of models and 9
Council (1993) expert judgment'

IPCC (1992a&b) ASF w. country studies 9

Raskin & Margolis Bottom-up analysis 10
(CDS in this study) using PoleStar

706 - 1,123 (2030)

950

909

506-926

-900

787

561 (2020)

934

919

• These studies report greenhouse gas emissions. not intermediate energy projections.

fessionals. The 1992 update alone involved over one hundred contributors and 380
reviewers. The scenarios have provided a reference fordiscussions leading to the
international climate negotiations, and have become something of a standard refer-
ence for energy and climate research in recent years.

The IPCC "base case" scenario - referred to as "business-as-usual" in the 1990
report (IPCC, 1990a&b) and simply as IS92A in the 1992 update CIPCC, 1992a&b)
- incorporates widely accepted mid-range population and economic projections of
the World Bankand United Nations, and incorporates considerable consensus on
the notion of conventional development at the current time." The analysis we present
in this report is considerably more detailed than the IPCC base case scenario and
addresses a wider range of issues; however, it relies on that scenario for broad as-
sumptions underlying a conventional development picture, e.g. population, economic
growth, and aggregate trends. As shown in Table 3.1, primary energy requirements
are projected to be around 900 EJ in 2050', in the conventional development scenario
presented below.

3.2 Demographics
Regional population projections for the CDS are presented in Table 3.2. In these
mid-range projections, world population nearly doubles, reaching a value of just
over 10 billion people by the year 2050. Note that fully 95% of the global population,

II !PCC Working Group 3 is continuing to review climate scenarios (Bolin, 1993) but is not cur-
rently undertaking a systematic update of the 1992 scenarios (IPCC, 1994).
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expansion of 4.7 billion is in developing regions where population- is projected to \
grow from about 4 billion in 1990 to 8.6 billion in 2050. In particular, Africa and
South & East Asia account for 3 billion in additional population.

By contrast, "industrial" countries (here we include the three OECD regions of
North America, West Europe and OECD Pacific) and the "transitional" countries
(FSU and Eastern Europe) have relati~ely stable populations, with the former's share
of world population decreasing from just over 20% to just over 10%.

Table 3.2: Population projections (millions).

Growth Rate ('YoIYear)

Region 1990 2025 2050 1990-2025 2025-2050 (",

North America 277 330 322 0.5% -0.1% -
Western Europe 456 489 477 0.2% -0.1%
OECD Pacific 145 161 157 0.3% -0.1%
Former Soviet Union 289 332 349 0.4% 0.2%
Eastern Europe 100 115 121 0.4% 0.2%
Africa 640 1,519 2,204 2.5% 1.5%
Latin America 445 699 812 1.3% 0.6%
Middle East 151 384 <557 2.7% 1.5%
China + 1,223 1,733 1,867 1.0% 0.3%
South & East Asia 1,564 2,634 3,214 1.5% 0.8%

World 5,290 8,395 10,080 1.3% 0.7%

Industrial 878 980 956 0.3% -0.1%
Transitional 389 447 470 0.4% 0.2%
Developing 4,023 6,,968 8,654 1.6% 0.9%

Source: Figures for 1990 from the World Bank (1993a); projections from World Bank analysis (Bulatao et al.,
1989)and the United Nations (1992a).

Because current population is heavily weighted toward the young, there is built in
momentum for population growth in developing regions which will lead to substan-

.' tial population growth even if fertility rates diminish with time. It is estimated that
almost half of the projected populatiou growth in developing countries is due to this
momentum, and would occur ev~~ if fertility rates instantly decreased to replace-
ment levels (Bongaarts, 1994). By contrast, the profile of population by age in de-
veloped regions is far more evenly distributed over age groups reflecting decreasing
fertility rates and slow population growth in recent decades (United Nations, 1992b).

Q

A key uncertainty in these projections is the assumed trend in total fertility rate
(the number of children per female), particularly in developing regions. The mid-
range projection assumes a TFR that approaches the replacement rate in the mid-
21st century, the value (about 2.06) at which populations eventually will remain
constant. If average fertility rates approach slightly higher rates over the next cen-
tury (e.g. 2.17), population projections rise dramatically, to about 13 billion by 2950
(Raub, 1994). Of course, it is difficult to anticipate where in the broad range indi-
cated, actual patterns will fall. Future fertility rates will depend on such factors as
the character of economic development, the status of women, the degree of persist-
ence of traditional cultural patterns, and disease incidence. In the spirit of the CDS,
we assume the mid-range projections which incorporate a gradual global transition
to "modern" developed country population patterns and socio-economic patterns.
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'"

3.3 EconomicScaleand Structure
The standard measure of macroeconomic scale is gross domestic product (GDP). In
essence, the GDP is an expression of market transactions with data generally col-
lected at national levels. Following a basic economic identity, GDP can be expressed
equivalently as consumption (e.g. final demands for households, government, capi-
tal investment and net exports) or production (e.g. value added in industry, services
and agriculture), providing a useful inventory of the components of each.

There ~re significant problems with the use of GDP as an expression of economic
development. First, the data are not of comparable quality across countries, for ex-
ample, where unreported transactions in "informal" or illegal economic activities
may be substantial in many areas, or where costs and prices are not set by markets as
in the FSU (World Bank, 1993b; Daly and Cobb, 1989; Brown et aI., 1991). Second,
comparison across countries requires th~ application of an exchange rate in order to
express national figures on a common scale. While GDPs are generally reported in
US dollars using official currency exchange rates, the alternative "purchasing power
parity" converts currency figures based on the costs in local currency of a compara-
ble basket of goods. The PPP conversions generally lead to higher income assign-
ments to developing countries (World Bank, 1993b; United Nations, 1986).

Finally, the GDP is an improper measure of socio-economic well-being since
significant costs "external" to markets are not deducted (e.g. degradation of the en-
vironment, depletion of natural resource, erosion of community amenities), while
"defensive" expenditures are included (e.g. crime control, pollution clean-up, inter-
national security) (Daly and Cobb, 1989). So for example, if the environmental re-
lease of chemical toxies were to suddenly increase, so would GDP insofar as the
additional pollution induced more purchases of bottled water by a public concerned
about the deterioration of water quality, higher expenditures on environmental
remediation, and extra costs of medical treatment.

These difficulties notwithstanding, GDP data remains the most complete account-
ing of production and consumption activities available. 12 It is employed in virtual}Y
all analyses of long-range patterns of economic development, and associated re-
source and environmental trends. However, in using GDP figures to represent eco-
nomic trends, it must be borne in mind that, because of the deficiencies identified
above, it is a limited measure of economic performance, and a crude and approxi-
mate basis for inter-regional comparisons.

Current and typical mid-range projected values are shown in Table 3.3, along
with average annual growth rates over the periods 1990-2025 and 2025-2050. CDS
economic growth rate projections are drawn from the IPCC, which are generally
.within the range of forecasts given by the World Bank (IPCC, 1992a). Rates of
growth are seen to be somewhat more rapid in the developing regions than in the
industrial and transitional regions. The industrial region share of gross world prod-
uct decreases - from about 80% in 1990 to 60% in 2050 - but remains substantial.

GDP increase is due to the compound effects of population and GDP per capita
growth. GDP per capita projections are reported in Table 3.4. Because of the rela-

12 The PPP converted figures provide a better picture of aggregate purchasing power but do not
include adjusted measures of production disaggregated by economic activity. Other aggregate
measures, such as the Human Development Index (UNDP, 1990), and the Index of Sustainable
Economic Welfare (Daly and Cobb, 1989) incorporate useful supplementary information.
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Table 3.3: GDP projections (billions US$ 1990).
'\

Growth Rate (o/oIYear)
Region 1990 2025 2050 1990-2025 2025-2050

North America 6,040 14,884 21,063 2.6% 1.4%
Western Europe 7,171 15,917 23,660 2.3% 1.6%
OECD Pacific 3,524 8,100 11,748 2.4% 1.5%
Former Soviet Union 854 1,898, 2,756 2.3% 1.5%
Eastern Europe 210 467 679 2.3% 1.5%
Africa 401 1,657 4,245 4.1% 3.8%
Latin America 994 3,018 6,038 3.2% 2.8%
Middle East 541 2,237 5,071 4.1% 3.3%
China + 451 2,698 6,391 5.2% 3.5%
South & East Asia 1,043 4,943 12,631 4.5% 3.8%

World 21,230 55,820 94,282 2.8% 2.1%
I~'

Industrial 16,735 38,901 56,471 2.4% 1.5%
Transitional 1,065 2,366 3,435 2.3% 1.5%
Developing 3,430 14,553 34,376 4.2% 3.5%

Source: Figures for 1990 from the World Bank (1993a); growth rates from IPee (1992a).

tively high population growth in developing regions, the growth rates for GDP per
capita are significantly lower in developing regions than for total GDP in those re-
gions. The ratio of average per capita GDP in the industrial regions to the develop-
ing regions is currently about 22. In the projections, the ratio decreases only slightly
by 2050 to about 15. At the same time, absolute difference in average per capita
income actually increases substantially. For example, looking at the difference in
per capita GDP between industrial and developing regions, it rises from about $18,000
in 1990 to $55,000 by 2050. The conventional development world remains a pro-
foundly inequitable one. "

3.4: GDP per capita plrOjections (US$ 1990).

., Growth Rate (o/oIYear)
1990 2025 2050 1990-2025 2025-2050

•.,1

North America 21,804 45,127 65,477 2.1% 1.5%
Western Europe 15,726 32,548 49,607 2.1% 1.7%

·OECD Pacific 24,304 50,301 74,803 2.1% 1.6%
Former Soviet Union 2,956 5,712 7,889 1.9% 1.3%
Eastern Europe 2,108 4,073 5,626 1.9% ~ 1.3%
Africa 626 1,091 1,926 1.6% 2.3%
Latin America 2,233 4,315 7,435 1.9% 2.2%

. i Middle East 3,585 5,832 9,110 1.4% 1.8%
China + 369 1,557 3,423 4.2% 3.2%
South & East Asia 667 1,877 3,930 3.0% 3.0%

4,013 6,649 9,354 1.5% 1.4%
,

Industrial 19,060 39,699 59,089 2.1% 1.6%
Transitional 2,738 5,292 7,308 1.9"10 1.3"10
Developing 853 2,089 3,972 2.6% 2.6%

Source: Figures for 1990 from the World Bank (1993a); growth rates from IPee (1992a).
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The GDP figures are aggregate measures of economic scale. Many global energy
analyses rely on aggregatf GDP as the key variable for representing economic activ-
ity. This simplification r?duces the dependence of the analysis on a sketchy set of
global energy and economic data and makes the development of a set of econornet-
ric algorithms more tract1able. On the other hand, it limits the capacity to consider
explicitly the influence of changing economic structure on future energy patterns
and the variations and options for energy intensities.

As we have seen in the discussion of-current energy patterns, total energy demand
is comprised of the demands in each major economic sector (e.g. industry, services,
transport) and, further, on the subsectoral structure as well (e.g. major industrial
categories such as iron and steel, paper, and so on). Energy intensity - the energy
requirement per unit of output - varies substantially across sectors and subsectors.
A unit of GDP (that is, value added) in the iron and steel industry will generally )

. I

require greater energy inp1utsthan a unit ofGDP in the services sector. Consequently,
future energy demand will depend on the structure of the economy as well as the
absolute level of economic activity.
. For the CDS, we assume, following the conventional development concept, that

the patterns of economic structure in developing regions follow a trajectory analo-
gous' to the OECD countries, which in turn continue recent trends. In essence, the
CDS assumes a process of convergence of regional economies with increasing GDP

'per capita. The idea of convergence will be used in developing a number of a as-
sumptions in the CDS. A detailed discussion of the "convergence algorithm" we
employ for this purpose is presented in Appendix B. In essence the convergence
algorithm assumes that the parameter in question (energy intensity, etc.) approaches
the average OECD future walue, as a region's GDP per capita approaches the current
average OECD GDP per capita.

In applying the convergence concept, to economic structure, we first decompose
regional GDP into majo~ economic sectors: Services, Industry, and Agriculture.
Current breakdowns by sector (World Bank, 1993a) are adjusted with time, based on
the following approach:

t,

• In the OECD regions, agricultural GDP per capita is assumed to remain con-
stant at 1990 values. This assumption is broadly supported by trends in agricul-
tural GDP per capita since 1970 in a number of OECD countries as shown in
Figure 3.1. Since total GDP is growing faster than population in these regions,
the effect of this assumption is that the agriculture share of GDP continues to
decrease over time. In non-OECD regions the future agricultural GDP per capita
. I
values approach the future GECD average values as their GDP per capita ap-
proaches the 1990 OECD GDP per capita (see Appendix B).

)

• r Reviewing recent trends of the share of GDP in industry, for selected countries
in the OECD regions, indicates that it decreased about 3-4% per decade be-
tween 1970 and 1990 (WRI, 1992b). This trend is assumed to continue at a
slower rate in the CDS, leading to an additional 5% decrease by 2050. In the
non-GECD regions, the standard convergence method (as described in Appen-
dix B) is used to determine the share of GDP in industry.

• The share of GDP in services is computed as the remainder.

Results are collected in Table 3.5.
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Table 3.5: Sectoral composition of GDP projections (% of total GDP).

servic1es as % of Industry as % of AgricUlture as % of
Total GDP Total GDP Total GDP

1990 2050 1990 2050 1990 2050

North America 69.2 74.6 29.7 24.7 2.1 0.7
Western Europe 62.9 70.0 34.0 29.0 3.1 1.0
OECD Pacific 56.4 63.2 40.9 35.9 2.7 0.9
I=ormt!rSovit!t Union 33.9 51.0 47.8 42.3 18.3 6.7
Eastern Europe 37.7 47.8 50.9 46.5 11.4 5.7
Africa 44.2 56.8 34.8 34.4 21.0 8.8
Latin America 55.2 62.1 35.4 33.6 9.4 4.4
Middle East 48.2 60.3 36.2 33.8 15.6 5.9
China + 32.8 57.5 38.8 37.3 28.4 5.2 i'-'"

South & East Asia 47.4 61.9 33.6 32.9 19.0 5.2

World 59.4 65.9 34.9 31.3 5.7 2.8

Armed with the macro-variables for the scenario -- population, economic scale
and sectoral structure -- we proceed now to explore. energy demand and supply
implications of conventional development.

3.4 Demand
Energy demand in the conventional development scenario depends on changing ac-
tivity levels, energy intensities, and fuel mixes. The demand analysis relies on the.
structure introduced for the current accounts (Section 2.1). Activities are driven by
the macro-variables and additional assumptions relating to the particular sector,'
subsector and end-use. Energy intensities and fuels used for each activity will adjust
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in the course of economic development and technological evolution, and as a result
of changing energy policies and costs. Since the analysis assumes a conventional
development framework, continuity may be assumed for these factors. Historic pat -
terns evolve in industrial countries and developing countries gradually approach
industrial countries standards.

3.4.1 Summary of Results
As a result of the assumptions described in the following subsections, final energy
demand in the CDS grows significantly globally and across all regions. As illus-
trated in Figure 3.2, global demand increases by a factor of 2.7 between 1990 and
2050 (from 250 EJ to 680 EJ). There is significant growth in requirements for all .
conventional fuels, with the most rapid growth for coal, where demand increases by
a factor of 4.1 between 1990 and 20~O, and electricity, where demand increases by a
factor of 3.7. Changing demands' and fuel composition for each region are shown in
Figure 3.3. A striking feature is the dramatic increase in energy demand in develop-
ing countries. For example, between 1990 and 2050 energy demand in the scenario
increases by more than a factor of 6 in China+, and by more than a factor of 5 in
Africa, Middle East and South & East Asia. Coal use skyrockets in China+ from
about 15 EJ in 1990 to about 100 EJ by 2050.

Regional figures are shown again in Figure 3.4, this time showing the sectoral
composition of demand. We see that in the OECD regions, Eastern Europe, and
FSU, household and agricultural energy use remain fairly constant, while most de-
mand growth occurs in the transportation and services sectors. Significant growth
also occurs in the industrial sector, especially in Eastern Europe and FSU. In con-
trast, the developing regions experience significant growth in all sectors exceptag-
riculture. Of particular interest is the rapid expansion of energy use in the industrial
and services sectors in China+ and South & East Asia.
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3.4.2 Households
Household energy is represented in terms of the seven end-uses: refrigeration; light-
ing, air conditioning, cooking, water heating, space heating, and other appliances.
An additional category labeled "other" corresponds to cooking, water heating, and
other end uses in developing regions. For current usage patterns in developing re-
gions, it has been necessary to aggregate over end-uses due to lack of end-use spe-
cific data.
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End-use activities are computed as the product of the number of households and
the assumed saturation of each end-use, that is, the fraction of households with each
end-use. The number of households are computed as population (see Section 3.2)
divided by the persons per household assumptions shown in Table 3.6.

Table 3.6: Persons per household.

Persons per Household 1990 2025 2050

North America
Western Europe

;OECD Pacific
Former Soviet Union

,/Eastern Europe
Africa

.Latin America
"Middle East

China +
South & East Asia

2.7
2.7
3.6
3.9
3.9
5.2
4.5
6.0
4.2
5.1

2.5
2.65

3.5
3.8
3.8
5.1
4.3
5.5
4.1
4.9

2.3
2.6
3.4
3.7
3.7
5.0
3.9
4.8
3.9
4.7

· Source: Current figures based on Mintzer (1988) and Sathaye et al. (1989). Future trends
""based on Lashof and Tirpak (1990) for the industrialized regions, and the convergence

algorithm (see Appendix B) for the Developing regions .

. "-Households are further subdivided into rural and urban categories as shown in
Table 3.7. Since energy use patterns vary across these household types it is useful to
subdivide them so that the effects of different rates of growth (e.g. rapid urbaniza-

",tionindeveloping regions) can be captured. In principle, further disaggregation into
'/(h?~sehold income groups would be desirable in order to illuminate energy trends as
i.z~tfunctionof changing income distribution, but there is insufficient data for this.

sslimptions are shown in Table 3.7 .

cJable 3.7: Urban population (% of total population).
:1

1990 2025 2050

': North America 75 80 85
· Western Europe 80 85 90'

'0
<OECD Pacific 77 82 87 ,

;'c. Former Soviet Union 65 75 85
· Eastern Europe 65 75 85
Africa 33 55 71

, Latin America 70 84 90
" Middle East 70 75 80

:China + 32 54 70
·:·...-South & East Asia 28 48 62

.~:i;..{·Source: Figures for 1990 and 2025 are from WRI (1994) and UN (1992a). Figures for
'i,,'2050 assume the contnuanon.ot the 1990·2025 trends.

j;~.tlri:~dditi6~t~ the nu~b~rof households, future energy requirements depend on:
;saturations and average end-use energy requirement per household (that is, inten-
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sity). For the industrial and transitional regions, we assume that, except for air con-
ditioning, the end-use amenities are fully saturated, i.e. that virtually all households
have some form of these end-uses.' Assumptions for air conditioning saturation, in
the industrial and transitional-regions, are summarized in Table 3.8.

Table 3.8: Air conditioner saturations for industrial and transitional regions (%).

,,
RQgions 1990 2025 2050
North America 60 65 70
Western Europe 10 25 20
OECD Pacific 63 65 ~~~ 70
Former Soviet Union 10 15 i" 20
Eastern Europe 10 15 20

· Sources: Figures for 1990 are based on UCS et al. (1991) and Schipper and Meyers (1992).
Future year values are author's estimates based on local climate conditions.

'.,.1

The household and saturation information establishes the household activity lev-
·els for the scenario. The next step in the computation is the intensity of energy use.
Intensities are affected by such factors as the scale of end-use devices (e.g. refrigera-
tor size), average floor space per household which affects space-conditioning and
lighting requirements, building shell integrity (better insulated houses require less
heat), and the efficiency of devices in converting energy into end-use amenities (e.g.
compact fluorescent light bulbs require roughly 20% of the energy of conventional
incandescent bulbs to provide comparable illumination).

Scenario intensity assumptions are collected in Table 3.9, for the industrial and
transitional regions. First we establish base year estimates for the industrial regions
(UCS et al., 1991; CEC, 1990; Norgaard and Viegand, 1992; Goldemberg et al.,
1988; Schipper et al., 1985; and Schipper and Meyers, 1992) and for the transitional
regions (Lazarus et aI., 1993; Schipper and Meyers, 1992; Schipper and Cooper,
1991; and Chandler, 1990).

Future intensity values for the industrial regions are based on trends for the years
1985 to 2010 (Schipper and Meyers, 1992) which are applied to the 1990-2025 pe-
riod. Half this rate of decrease is used for the 2025-2050 period on the assumption
that technological advances, building shell improvements, and equipment down-
sizing will eventually moderate. No significant changes in intensities are assumed
for "other appliances" and air conditioning where efficiency improvements may be
offset, respectively, by the penetration of a greater array of miscellaneous devices in
household markets and by increased cooling capacity for households with air cool-
ing (e.g. central air conditioning). The transitional regions are assumed to converge
towards the average industrial values as their incomes increase, using the conver-

·gence algorithm (see Appendix B).
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Table 3.9: Household device energy intensities for industrial and transitional regions
(GJ/HH).*

Refrigeration Lighting Air Condo Other App.
Regions 1990 2050 1990 2050 1990 2050 1990 2050

North America 4.3 3.0 4.7 2.5 8.2 8.2 13.2 13.2
Western Europe 2.9 2.0 1.2 0.6 1.1 1.1 3.9 3.9
OECD Pacific 2.2 2.8 2.1 1.1 1.1 1.1 5.8 5.8
Former Soviet Union 1.4 1.7 1.9 1.8 1.1 1.8 6.8 7.0
Eastern Europe 2.9 2.8 1.1 1.2 1.1 1.6 3.9 4.8

Cooking - Electric Cooking - Fuel Water Heat - Electric Water Heat - Fuel

Regions 1990 2050 1990 2050 1990 2050 1990 2050

North America 4.8 2.7 4.8 3.6 12.0 6.8 20.0 15.0
Western Europe 2.6 1.5 2.6 2.0 6.3 3.6 10.5 7.9
OECD Pacific 4.8 2.7 4.8 3.6 9.9 5.6 16.4 12.3
Former Soviet Union 7.5 6.0 7.5 6.2 5.6 5.6 9.3 10.2
Eastern Europe 2.6 2.6 2.6 2.8 5.8 5.8 9.7 10.2

Regions

Space Heat - Electric

1990 2050

Space Heat - Fuel

1990 2050

North America 45
Western Europe 30
OECD Pacific 15
Former Soviet Union 51
Eastern Europe 32

26
9
9

29
18

57
37
19
64
40

42
28
14
48
30

Sources: See text.
* Average use in households with the end-uses.

Comprehensive end-use saturation and intensity data for cooking, water heating, '
and miscellaneous end-uses are not available. These are combined into a single "other"
category in the current accounts. In. the "conventional development scenario, as in-
comes rise, a transition to industrial' region household energy use patterns is as-
sumed to occur. In rough correspondence with historical patterns we assume that
full saturation of refrigeration, lighting, cooking, water heating and other appliances

,will be achieved when a region's GDP per capita reaches half the current OECD
.GDP per capita. As modern devices are phased in, the aggregate "other" category is
phased out. .

Space heating and air conditioning in the developing regions, where climate is a
critical variable in addition to income, requires separate treatment. While space heating
is an ubiquitous end-use in.developed regions, China +)s the only developing region
where energy for heatingis significant. In China +, approximately 36 percent of
households are heated, currently mostly with coal (Zhang, 1991). With regard to art
conditioning, there issignificant potential demand in the relatively warm develop-

.iBgiE.~giori:~.as inc?IIle rises. We assume an ultimate air conditioning saturation po-
:5:1;;'tep:~ial:ofR?%,foru[1Jan households (slightly higher than the current level in North
.,'? Aine~ica'a'ndbECD Pacific) and half that for rural households where incomes tend
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to be lower. In the CDS, developing regions converge toward these air conditioning
saturations as average GDP per capita approaches one-half current OECD average
'GDP per capita levels. Household saturation assumptions for refrigeration, lighting
and air conditioning are displayed in Table 3.10.

Table 3.10: Household saturations for electric devices in developing regions (%).

Refrigeration Lighting Air Conditioners
Regions 1990 2050 1990 2050 1990 2050

Urban
Africa 29 39 60 66 4 13
Latin America 80 94 ~', 97 99 8 49
Middle East 65 98 65 98. 5 60
China + 17 45 95 97 a 22
South & East Asia 30 56 75 84 0 24

Rural
Africa 8 21 7 21 0 6
Latin America 26 79 45 64 a 24
Middle East 65 98 65 98 5 60
China + a 33 75 83 a 11
South & East Asia 1 37 6 41 a 12

Sources: Figures for 1990 are from Lazarus et al. (1993), Levine et al. (1991), Sathaye & Ketoff (1991) and Geller
(1991). For future values see text.

Developing region scenario intensity assumptions for refrigeration, lighting, and
air conditioning are collected in Table 3.11. First we establish base year estimates
(Lazarus et al., 1993; Sathaye and Ketoff, 1991; Geller, 1991; Chandler, 1990; Zhou
et al., 1989; and Zhang, 1991). Then in scenario years' the device intensities are
assumed to converge towards the average industrial values as a region's income
increases, using the convergence algorithm (see Appendix B). This implies a kind of
technological Ieap-frogging wherein future improvements in OECD efficiencies are
reflected in developing regions at lower average incomes than they were in the OEeD
regions. The assumption is that technological changes such as device efficiencies,
driven by industrialized country markets, progressively penetrate global markets as
economic growth proceeds in developing countries.

Table 3.11: Household device energy intensities for developing regions (GJ/HH).*

Refrigeration Lighting Air Condo

Regions 1990 2050 1990 2050 1990 2050

Africa 2.6 2.6 0.9 1.2 6.2 5,9
Latin America 2.6 2.5 1.5 1.2 3.3 3.3
Middle East 2.6 2.5 1.2 1.4 2.3 2.9
China + 1.0 1.2 0.1 0.4 2.4 2.6

\ South & East Asia 2.4 1.9 1,0 0.8 2.4 2.6

Sources: See text.
• Average use in households with the end-uses,
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Scenario assumptions for end-use fuel shares, for cooking, water heating and
space heating, in the industrial and transitional regions are collected in Table 3.12.
The pattern of change is guided by the trends in the IPCC mid-range scenario (IPCC,
1992; Pepper, 1994). The IPCC trends are developed for aggregate regional energy
demand only, and attempt to reflect the effects of changes in fuel prices as resources
are depleted and technical change occurs. 13

The changing global household energy pattern in the CDS is shown in Figure 3.5.
Total household energy increases by almost 50%, from 55 EJ in 1990 to 80 EJ in
2050. Despite assumed increases in income, energy use per capita actually decreases
by 24% over this period, due primarily to the effects of improved efficiency, the,

-saturation of energy-using household equipment in developed regions, and the more
rapid population increase in developing regions where household energy use per

Table 3.12: Household fuel shares (%) for industrial and transitional regions.

Coal Petroleum Nat. Gas Electricity Biomass

1990 2050 1990 2050 1990 2050 1990 2050 1990 2050

, -r.: North America 0 0 0 0 45 35 55 65 0 0
'Western Europe 0 0 10 0 30 30 60 65 0 0
..'DECO Pacific 0 0 10 0 40 40 50 55 0 0
.Former Soviet Union 1 1 1 5 80 80 7 12 2 2
.Eastern Europe 10 10 15 5 55 60 20 25 0 0

"

Coal Petroleum Nat. Gas Electricity Dist Heat
1990 2050 1990 2050 1990 2050 1990 2050 1990 2050

,North America 0 0 11 5 69 62 20 33 0 0..
',Western Europe 5 15 35 15 25 25 30 40 5 5

DECO Pacific 0 5 40 5 30 30 30 60 0 0
-Former Soviet Union 5 5 0;7. 0 45 45 0 0 50 50
;-Eastern Europe 40 40 10 5 30 30 10 15 10 10

Coal Petroleum Nat. Gas Electricity Bio/Heat
a

1990 2050 1990 2050, 1990 2050 1990 • 2050 1990 2050

;»~rth America 1 1 18 0 54 54 11 29 16 16
Western Europe 12 18 27 6 40 36 5 24 16 16

~',DECD Pacific 1 5 41 5 17 10 31 70 10 10
Former Soviet Union 8 4 4 4 40 40 0 4 48 48

'. Eastern Europe 9 5 5 5 12 - 12 11 15 62 62

.•,

}3Jnthe IPCCIS92a scenariorit is assumed that the world oil price increases from its current price
:;(about$2~ 'perbblin 1990) to$5~per bbl in 2025 and $70 per bbl in 2100, while the cost of ton-
'fasSi,I,',energystippli'es are ,ass,umed to fall (e.g. the cost of solar electric energy is assume to
decline to ,$0..0.75 per kWh by 20.50.). Similar price trends are implied in the CDS.
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capita is relatively low. There are significant increases in global household require-
~ents for biomass, related to the rapid population growth in biomass-intensive de-
veloping regions, electricity, due to the penetration of appliances as incomes rise,
and natural gas, as a cost-effective substitute for coal and petroleum.

These patterns are further illuminated by examining the household energy sce-
nario at the regional level, as shown in Figure 3.6. The stable or decreasing trends in
industrial regions are the result of low population growth, high appliance saturations,
and efficiency improvements. Meanwhile, the developing regions experience dra-,
matic increases in household energy demand, largely due to population growth and
the transition to modern patterns of household energy use. Biomass energy use con-
tinues to dominate household demand in Africa and South & East Asia, while coal
continues to dominate in China+, Latin America and the Middle East experience a
significant shift toward modern fuel mixes,. IIfLatin America there is a shift away

. from biomass fuels towards electricity and natural gas, and in the Middle East there
is a shift from an almost complete reliance on liquid petroleum products to heavy
reliance on electricity and natural gas.

3.4.3 Services
Current patterns of energy use in the service sector were introduced in Section 2.2.2
where it was noted that data limitations prevent disaggregation into sub sectors and
end-uses. The scenario analysis for the sector relies on three elements: a measure of
activity, energy intensity, and final fuel mix. The activity measure is defined as serv-
ice sector GDP, the product of regional GDP (Table 3.3) and the sectoral share (Ta-
ble 3.5). The energy intensity is expressed as the final energy demand divided by
GDP for the sector.

To compute scenario energy demands, we must introduce trends for service sec-
tor energy intensity. Time series data for GECD regions suggests that intensities are
gradually decreasing as device efficiencies and building systems improve: Recent
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Figure 3.5: Global household energy demand.
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trends suggest an average annual rate of decrease of energy intensity of about 0.6%
(Schipper and Meyers, 1992) which we apply to the scenario. The convergence al-
gorithm (Appendix B) is applied for non-Olif'D regions where energy intensities
are assumed to approach OEeD average values as GDP per capita approaches the
1990 OEeD levels.

The resulting scenario service sector intensities are shown in Table 3.13. The
absolute levels have low confidence, due, to the uncertainties in energy and GDP.
data in the developing and transitional regions. However, it is worth noting that the
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sectoral energy for future years depend only on the assumed changes in GDP and
intensities, not their absolute values,"

Table 3.13: Services sector energy intensities in the scenario.

Energy Intensity (MJ/$) 1990 2025 2050
North America , 1.7 1.4 1.20

Western Europe 1.1 0.9 0.8
OECD Pacific 0.7 0.6 0.5
Former Soviet Union 10.8 9.1 7.8
Eastern Europe 11.3 10.0 9.2
Africa 3.7 3.6 35
Latin America 0.7 O.£?· 0.8

I '

Middle East 3.8 '3.4 2.8
China + 4.8 4.5 4.2
South & East Asia 2.5 2.4 2.2
Global Average '. 1.8 1.7 1.6

Sources: See text.

Multiplying GDP and intensity figures.we derive the scenario demands shown in
Figures 3.7 and 3.8. Energy requirements for services are rapidly growing in the
CDS, increasing by a factor of five globally over the scenario time frame, and by
factors of 7 to 20 in developing regions. These rates are higher than for energy de-
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Figure 3.7: Global services energy demand.

~ Heat

o Electr

~ NatGas

!fj] Petroleum

D Biomass

• Coal

14 To see this we introduce the relationship E = G * I, where E,G and I are the sectoral energy, GDP,
, I I I '

and intensity, respectively, in .year t. In terms of average annual .growt.h rates we .have, as (I +e~ =
(1+g) * (1+i), where e, g, and I are the rates for energy, GDP and intensity, respectively (E, = (14e),
* Eo' etc.). Future energy demand can be expressed as E, = (l +g)' * (l +i)' * Eo and thus depends
only on the assumed changes inGDP and intensity, not their absolute values. I
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mand as a whole, so services become increasingly significant. On a global basis,
services rise from 9% of final energy demand to 15% by 2050. The growth in serv-
ices is due to a combination of population expansion, income growth and the in-
creasing share that services play in overall economic activity.

Turning to the fuel shares in the service sector, we adjust the current mix by
trends suggested by the aggregate regional demand analysis in the IPCC (1992) mid-
range scenario (Pepper, 1994). The breakdown of global fuel demand for the serv-
ices sector is shown in Figure 3.7. Nearly half the increase in overall demand is for
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expanded use of electricity, with the remainder from fossil fuels. Regional break-
downs by fuel are displayed in Figure 3.8, where fuel choice varies with relative-
prices and availability across the global regions.

3.4.4 Agriculture
The points of departure for developing agriculture energy requirements in the sce-
nario are the current energy accounts, reported in Section 2.2.3, and the agricultural
output figures developed in Section 3.3. In industrialized regions where the transi-
tion to industrial, high-input agriculture is advanced, as shown in Figure 3.9 there
are indications that agriculture energy intensity is relatively stable. Based on this
pattern, and the assumption that technological intensification, should it occur, will
in part be balanced by end-use efficiency improvements, we hold agricultural energy
intensities constant for the OECD regions in the CDS.

For the non-OECD regions we apply the convergence algorithm (see Appendix
B), assuming that agricultural practices and energy intensities approach GECD av-
erage figures as the region's GDP per capita approaches the average OECD 1990
level. Agriculture sector energy intensities are summarized in Table 3.14. Again,
though the absolute values must be considered quite uncertain, especially in non-

'.OECD regions, due to weaknesses in current data for both agriculture GDP and
current intensities, the sectoral energy trends depend only on the changes in these
variables, not their absolute values '(see footnote 14).

The interpretation of intensity trends would be more transparent if intensities
were expressed in physical units, e.g. energy consumption per unit of agricultural
product. Then, in the transition to modern high-input agriculture, energy intensities
would be driven by the interplay of two counterbalancing processes, increasing en-
ergy use per unit area and increasing product per unit area. But data inadequacies
prevent conducting SUGhan agriculture energy analysis. In relying on agriculture
sector GDP an additional variable and additional uncertainty is introduced -- the
relationship between physical product and the value added in the sector.

30 .r----------------------------------------------,

--"- France

--0--- Germany

--.- Italy

~o- Japan

-.- United States

0
0 r::. N M ..;- l/) CD r-, <:0 <Y> 0 a; N M ;i l/) CD t--

"- r-, "- t-, r-, r-, r-, r-, r-, co co co co co co
C» C» ~ C» C» ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Figure 3.9: Agricultural energy intensity for selected OECD countries.
(Source: WRI, 1992b and lEA, 1993)



.s

Global Energy in the 21st Century: Patterns, Projections and Problems 51

,
The sectoral intensity and output assumptions define agricultural energy demands

in the scenario. Regarding fuel shares in agriculture, examining the patterns over the
time period 1970 to 1990 (lEA, 1993) shows year-to-year fluctuation in the reported
agriculture energy statistics, but no discernible regional trends. Thus. for purposes of
the scenario, agriculture fuel shares are held constant.

Table 3.14: Agriculture energy intensities in the scenario.

Energy Intensity (MJ/$) 1990 2025 2050

North America 5.6 . 5.6 5.6
Western Europe 4.4 4.4 4.4

t-.

DECO Pacific 3.6 3.6 3.6
Former Soviet Union 24.8 21.3 18.6
Eastern Europe 16.2 14.9 13.8
Africa 0.7 0.8 1.0
Latin America 4.3 4..4 4.4
Middle East 1.6 2.0 2.7
China + 7.7 7.5 7.2
South & East Asia 2.1 2.3 2.5

Global Average 6.8 5.4 '" 4.8

Global agriculture energy demand in the scenario is illustrated in Figure 3.10,
where total demand is seen to increases from 8.3 EJ in 1990 to 12.6 EJ by 2050. One
can account crudely for this fifty percent increase in terms of population growth
(roughly a factor of 2), increase in the global average agriculture GDP per capita as
developing regions approach OECDpatterns (a factor of 1.1), and gradual decrease
in average global energy intensity (a factor of 0.7). Of course, these factors play out
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Figure 3.10: Global aqricultural energy demand.
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differently across the regions in accordance with the scenario assumptions for popu-
lation, agricultural GDP, and agriculture energy intensities reported above. The re-

,.--gional picture is summarized in Figure 3.11.

3.4.5 Industry
Current energy demands for major industrial subsectors were introduced in Section
2.2.4. As with the other sectors, the scenario energy patterns are defined by future
levels of activity, trends in energy intensities and fuel shares.,
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Activity levels are expressed in terms of overall industrial activity, which was
specified for the scenario in Section 3.4, and further by the activities among the
industrial subsectors. There are indications that in advanced industrial countries his-
toric growth rates of material consumption have leveled off over recent decades
(Williams et al., 1987; Bernardini and Galli, 1993). We wish to capture this satura-
tion process in characterizing the structure of industrial activity in the CDS.

We begin with the five energy-intensive subsectors in the GECD regions: iron
and steel, non-ferrous metals, non-metallic minerals, paper and pulp, and chemicals.
We reflect the effects of saturation in the' consumption of primary material outputs
by basing future values of output on GDP per capita assumptions. Continuing recent
patterns, we assume that GDP per capita for iron and steel, and non-metallic miner-
als decrease by ten percent over the 1990-2050 period, and that GDP per capita for
non-ferrous metals, paper and pulp, and chemicals remain constant. Since industrial
activity increases sectorlwide more rapidly than population, these assumptions im-
ply that expansion of industrial sector activity in GECD regions is heavily in the
non-material and non-energy-intensive "other" category.

For the non-GECD regions, we apply the convergence algorithm (Appendix B)
t~ ~evelop industrial actilv~ty~ssum,ptions for each energy intensive s~bsector. Spe-
cifically, the GDP per capita III a given subsector approaches the projected GECD
average level as a region's total GDPper capita approaches the 1990 average GECD
level. The industrial output not explicitly accounted for in the five energy-intensive
subsectors is assigned to the "other" category. The data are collected in Table 3.15.

Table 3.15:Industrial output in the scenario ($GDP per capita).

Iron and Steel
1990 2050

Non-Ferr. Metal
1990 2050

Non"Met. Min.
1990 2050

North America
Western Europe
,OECD Pacific

> Former Soviet Union
,Eastern Europe
Africa
Latin America
Middle East
China +
South & East Asia

150
265
555
113
84

8
56
54
11
15

135
238
499
154
117
25

115
123
50
56

77
133
166
36
27
5

34
12
3
1

77
133
,166

61
46
13
60
51
22
22

196
285
457

68
53
9

40
162
12
11

177
257
411.
125
95
26

106
195
51
54

~aper & Pulp
199p 2050

Chemicals
1990 2050

Other
1990 2050

4,380
3,266
6,514

969
770
153
476
681
92

14,112
12,360
23,529
2,3$8
1,9"11

444
1
1
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The second factor to address is energy intensity expressed in units of GJIGDP at
the industrial subsectorallevel. Current intensities are computed by dividing energy

'consumption by current subsectoral GDP. Future energy intensity for each industrial.
subsector depends on changes in efficiency processes and product mix. In the OEeD
regions, energy intensities have been decreasing in recent years for industry as a
whole by over 3% per year, though there are indications that this process will mod-
erate in the future (Schipper and Meyers, 1992). In the CDS, the rising share of the
less energy-intensive "other sector" (see Table 3.15) in itself lowers aggregate in-
dustrial intensities. In addition, we assume that subsectoral energy intensities de-
crease by an average annual rate of 1% per year over the scenario period. The com-
bined effect is an average annual decrease in aggregate industrial energy intensity in
OEeD regions of 1.1% in North America, 1.7% in West Europe and 1.5% in OEeD
Pacific between 1990 and 2025. The corresponding rates of decrease are slightly
lower between 2025 and 2050.

In the non-OECD regions, we apply the convergence algorithm (see appendix B),
assuming subsectoral energy intensities approach the projected OECD average en-
ergy intensity as GDP per capita approaches the current OEeD average. This treat-
ment captures technological leap-frogging to some extent since developing regions,
rather than recapitulating OEeD patterns, approach intensities which reflect the bet-
ter practices assumed for OECD regions in the future. The scenario intensity as-
sumptions are collected in Table 3.16.

Table 3.16: Industrial energy intensities in the scenario (GJ per $GDP).

Iron and Steel Non-Ferr. Metal Non-Met. Min.
Regions 1990 .. 2050 1990 2050 1990 2050

North America 34 16 29 13 10 5
Western Europe 21 18 13 6 13 7
OECD Pacific 20 12 12 8 6 4
Former Soviet Union 107 72 102 74 106 66
Eastern Europe 165 123 12 13 22 18
Africa 71 70 39 29 34 31
Latin America 56 39 28 19 24 17

-.J Middle East 64 40 25 19 31 19
China + 373 311 190 149 182 149
South & East Asia 78 64 17 23 35 30

Paper & Pulp Chemicals Other
Regions 1990 2050 1990 2050 1990 2050

North America 11 6 6 3 9 5
Western Europe 5 2 6 3 3 2
OECD Pacific 3 1 2 1 3 1
Former Soviet Union 15 10 54 32 27 17
Eastern Europe 0 1 38 27 27 20
Africa 11 11 15 14 12 10
Latin America 12 8 11 8 6 3

\ Middle East 11 7 13 8 5 4

China + 74 58 77 63 30 12~South & East Asia 12 10 16 13 9

Sources:Data for1990 based on lEA (1993)and Table3.15,forscenarioyearssee text.
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We complete the characterization of industrial energy in the CDS by adjusting the
current mix of fuel shares. The current mix is adjusted over time, again guided by
the aggregate regional demand analysis in the IPCC (1992) mid-range scenario.

Combining the various factors conditioning industrial energy activity and energy
use, we arrive at the global scenario pattern shown in Figure 3.12. Global industrial
energy demand increases from approximately 100 EJ in 1990 to 340 EJ by 2050.
Regional variations are due to the interplay of region-specific assumptions on indus-
trial scale, structure, intensity, and fuel mix (Figure 3.13). The dramatic growth of
industrial energy demand in developing countries is striking. The demands in just
one region - China+ - rises to 120 El, a value greater than the total global indus-
trial energy demand today.

3.4.6 Transportation
To complete the CDS picture, we consider the transportation sector and ask what the
continuity assumptions of the scenario imply for transportation energy requirements.
The current pattern of energy use in the transportation sector was summarized in
Section 2.2.5. The analysis is conducted for each of two subsectors - passenger and
freight transportation- and several modes within each.

3.4.6.1 Passenger Transport "
For passenger transportation, it is useful to formulate the problem as a series of
steps. For each region, we first specify the distance traveled per capita. Then we
disaggregate by applying the share of travel for each mode (road, rail and air). Road
transport is further split into two types of vehicles: private and public." To these
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15 Private vehicles consist of privately owned cars and light trucks, with the later most significantly in
North America, while public vehicles consist of buses, taxis, etc.
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modal activity levels, we then apply energy intensities (e.g. MJ per passenger-
kilometer). Finally, multiplying by total population and specifying fuel shares com-

,"'" pletes the energy picture for passenger transport.
To shed light on average distance traveled per capita, we begin with national

figures and explore the relationship to average income. Available country level data
are displayed in Figure 3.14 which plots total passenger-kilometers" against GDP
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lf The activity unit of passenger-kilometers is e~ployed in distin~tion to vehicle-kilo~eters iYhich
refers to the average distance traveled per vehicle, For automobile travel, the connection between
these variables is the relationship: passenger-kilometers equals vehicle-kilometers times loal~fac-
tor (average number of passengers per vehicle).
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\,

per capita on a log-log scale. As reported in previous analyses (U.S. OTA, 1991),
distance traveled tends to increase with income. The regression line shown on the
figure provides an estimate of the relationship.

Modal share patterns across countries also show a correlation with income. This
is illustrated for country level data in Figure 3.15, which shows the relationship
between the share of total road passenger-kilometers traveled by private vehicles
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Figure 3;15: Relatlonship between income and share of road travel in private vehicles.
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and GDP per capita, and Figure 3.16, which shows the relationship between air
travel andGDP per capita.'? As incomes grow, not only does total per capita travel
grow, but so do the shares of travel by private car and by air. The regression fits to
the data displayed on the figures suggest the quantitative dependency of modal ac-
tivity and income.

These relationships are a snap-shot in time illustrating the variations across coun-
tries in a single year. In the spirit of the CDS, these curves can be viewed as conven-
tional development paths. The scenario values for passenger travel distances are.
shown in Table 3'.17, derived by first computing current values by taking an average
of distance traveled per capita for those countries in each region where data are
available and extrapolating to the entire region by population, then relating GDP per
capita in future years to distance traveled based on the regression line of Figure 3.14.

Table 3.17: Distance travel~d in the scenario (passenger-km per capita).

Road Rail Air
Regions 1990 2050 1990 2050 1990 2050

North America 16,729 36,911 76 76 2,589 7,254
. Western Europe 9,439 22,967 860 860 971 2,849

OECD Pacific 8,744 22,859 2,348 2,348 1,045 2,996
Former Soviet Union 3,775 9,686 1,961 1,961 786 1,972
Eastern Europe 2,186 5,723 1,123 1,123 151 379
Africa 368 980 125 125 74 212
Latin America 1,564 3,861 78 78 174 537
Middle East 2,738 5,394 0 0 304 728
China + 169 1,787 218 218 19 153
South & East Asia 1,049 4,597 236 236 18 95.-
Source: 1990 figures from WRI (1992), IRF (1992) and others. See text for scenario assumptions.

'.,.1

In the scenario, we assume that growth in travel is dominated by private cars,
continuing the pattern in most regions in recent decades (Schipper and Meyers, 1992).
Specifically, rail travel per capita is assumed to remain constant, which is cornpat-
ible with available historic data, air travel per capita is assumed to vary with GDP
per capita based on the regression curve shown in Figure 3.16, and road passenger-
km is solved for as a remainder to match the total passenger-km. Finally, within road

. transport, the split between private vehicles, on the one hand, and public vehicles
(i.e. buses and other commercial passenger vehicles), on the other hand, are calcu-
lated from the regression analysis shown in Figure 3.15. The resulting shares are
shown in Table 3.18.

.Energy intensity assumptions for the CDS for private vehicles are shown in Table
3.19. The improvement rates for OECD countries are drawn from trends given in
Schipper and Meyers (1992). Since the starting intensities are relatively close, simi-
lar improvement rates are applied in the non-GECD regions.

17 Air travel is very well documented, based on airline receipts. Travel data by private and public
vehicles are more spotty. In some regions, public transportation travel is only roughly monitor1d.
Private transportation estimates are often calculated from fuel sales data and an assumed fujel
efficiency.



r

Global Energy in the 21st Century: Patterns, Projections and Problems 59

Table 3.18: Share of road transport in private and public vehicles (%).

Regions
Private

1990 2050
Public

1990 2050

North America
Western Europe
OECD Pacific
Former Soviet Union
Eastern Europe
Africa
Latin America
Middle East
China +
South & East Asia

99
93
90
52
20
27
85
64
20
20

99
99
99
71
65
45
70
74
55
58

1
7

10
48
80
73
15
36
BO
80

1
1
1

29
35
55
30
26
45
42

I '
Source: 1990 data from WRI (1990), IRF (1992) and others. See text for scenario assumptions.

Table 3.19: Energy intensities for private vehicles (MJ per passenger-km).

Regions 1990 2025 2050

North America 2.B 1.9 1.4
Western Europe 1.7 1.3 1.0
OECD Pacific 1.5 1.1 0.9
Former Soviet Union 2.2 1.6 1.2
Eastern Europe 2.2 1.6 1.2
Africa 2.0 1.4 1.1
Latin America 2.3 1.6 1.3
Middle East 2.3 1.6 1.3
China + 1.6 1.1 0.9
South & East Asia 1.6 1.1 0.9

Source: 1990 data for OECD regions from Schipper and Meyers (1992), for FSU from Schipper and Cooper
(1991), and for other regions from Lashof and Tirpak (1990). See text for scenario assumptions. "
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Current account travel energy intensities for buses, rail and air are based on
Schipper and Meyers (1992) for the OECD regions. In all other regions the travel
i'ntensities for the bus, rail and air modes are set close to the OECD range of values
-' in non-OECD regions buses tend to be less efficient and roads tend to be in
poorer condition; however, buses typically have very high capacity factors in these
regions. Future travel energy intensities in all regions are calculated assuming a 1%
annual improvement rate for buses, a 0.5% annual improvement rate for trains, and
a 1.2% annual improvement rate for planes. These rates of improvement are drawn
from trends given in Schipper and Meyers (1992).

Fuel shares for the road, water and air modes are left constant at their current
account values, i.e. almost completely dependent on petroleum. In rail transport we
assume that the historical trend toward electrification of the rail system, which has
been occurring for the past 20 years, will ~oITtinuein the future. This leads to an
increase in electrification of the rail systemof approximately 0.5% per year.

3.4.6.2 Freight Transport
Freight transport is treated analogously to passenger transport. Regional freight ac-
tivity is the product of GDP and freight activity intensity (tonne-km per $GDP). This
is disaggregated by applying mode shares for road, rail, air and water. The resulting
activities by mode are then multiplied by energy intensities (MJ per tonne-km). Fi-
nally, specifying fuel shares completes the energy picture for freight transport.

Current total freight activity intensity in each region is based on data in WRI
(1992) and IRF (1992). Scenario values are based on the assumption that freight
activity rises with income, as suggested in Figure 3.17, which plots country-level
data for activity intensity against GDP per capita. Based on the best fit curve shown
in the figure, an income elasticity of -0.53 is used for freight activity intensity in all
regions. The results are shown in Table 3.20

Table 3.20: Freight activity intensity in the scenario (tonne-km per $ GDP).

Regions 1990 2025 2050

North America 0.60 0.42 0.35
'.)

Western Europe 0.20 0.14 0.11
OECD Pacific 0.24 0.17 0.14
Former Soviet Union 5.50 3.88 3.27
Eastern Europe 1.75 1.24 1.04
Africa 0.69 0.51 0.38
Latin America 1.09 0.77 0.58
Middle East 0.53 0.41 0.32
China + 3.05 1.42 0.94
South & East Asia 0.68 0.39' 0.26

Source: Datafor 1990 basedon WRI (1992) and IRF (1992), See text for
scenario assumptions.

During the past 20 years, the OECD regions have experienced a shift in freight
\ activity from rail to trucks (Schipper and Meyers, 1992). These trends have been

even more marked in several developing regions. It is assumed in the scenario t1at
the share of freight in trucking will continue to increase, while t?at in rail w~ll co1n-
tinue to decline. Specifically, it is assumed that total absolute raIl tonne-km III eafh
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region remains constant in the future, while absolute growth in freight activity is
allocated to the other modes in proportion to their current shares. Freight mode shares
are shown in Table 3.21.

Table 3.21: Freight mode shares in the scenario (%).

Road Rail Air Water
Regions 1990 2050 1990 2050 1990 2050 1990 2050

North America 32 47 47 24 0.4 0.6 20 29
Western Europe 72 77 14 8 1.8 1.9 12 13
OECD Pacific 50 54 14 8 0.8 0.9 35 38 I':

Former Soviet Union 11 37, 84 44 0.1 0.3 5 19
Eastern Europe 30 58 66 34 0.1 0.2 4 7

, Africa 71 89 23 4 0.4 0.5 5 7
Latin America 60 71 21 6 0.7 0.8 18 22
Middle East 100 10 0 0 0 0 0 0
China + 18 41 63 14 0 0 19 44
South & East Asia 53 78 38 8 0.3 0.4 9 14

Source: Data for 1990 based on WRI (1992) and IRF (1992). See text fQ( scenario assumptions. Note shares may
not add to 100 due to rounding.

Based on recent trends in energy intensity improvement (Schipper and Meyers,
1992),0.4% per year for all regions is assumed in the scenario for the road,rail and

water modes. For air freight an improvement rate of 1.2% per year is assumed, the
"same as for air passenger transport. The resulting freight energy intensities are shown
in Table 3.22. '

-- .>

r-- . oland-l- . su:--.. °r-.. .
- 1--

tn 0 rTES
otJs--

I-
"• r-... \0-e- - c- - 1----

e tn.r_a e """- "----. 0 --I--• • -r---
I . Data
I ze a~of--- -- Based on Log·Logf---

Regression:I--

1--- y = 10"((-0.53'
Log(x)) + 1.66)

--

'ieY 10,000 100/000

I
GDPper Capita (1989 $US)

,17: ',Relationslhip between income and freight intensity (1989).
Source: WRI (1992)which draws from the International Road Federation (1990) and other sources.



62 Raskin and Margolis

Table 3.22: Freight energy intensities (MJ per tonne-km).

'",
Road Rail Air Water

Regions 1990 2050 1990 2050 1990 2050 1990 2050

North America 4.5 3.5 0.3 0.2 5 2.4 0.3 0.2
Western Europe 3.0 2.4 0.3 0.2 3 1.4 0.3 0.2
OECD Pacific 4.0 3.1 0.3 0.2 4 1.9 0.3 0.2
Former Soviet Union 4.5 3.5 '. 0.4 0.3 5 2.4 0.4 0.3
Eastern E~.urope 4.5 3.5 0.4 0.3 5 2.4 0.4 0.3
Africa 4.5 3.5 0.4 0.3 7 3.4 0.4 0.3
Latin America 4.5 3.5 0.4 0.3 7 3.4 0.4 0.3
Middle East 4.5 3.5 0.4 0.3 7 3.4 0.4 0.3
China + 4.5 3.5 0.4 0.3 7 3.4 0.4 0.3
South & East Asia 4.5 3.5 PA 0.3 7 3.4 0.4 0.3

Source: Data for 1990 based on Schipper and Meyers (1992) for OECD regions, Schipper and Cooper (1991) for
FSU and E. Europe, and author's estimates for developing regions. See text for scenario assumptions.

Energy demands for transportation in the scenario are presented in Figures 3.18
and 3.19. Global demand increases from about 60 EJ in 1990 to about 150 EJ by
2050. The fastest growth is in developing regions which account for about 50% of
global transportation energy demand by 2050. In this conventional development world,
liquid petroleum products remain the dominant transportation fuel, and private ve-
hicles continue their historic surge as the mode of choice with rising incomes, ac-
counting for 99% of transportation energy use by 2050, up from 97% in 1990.
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3.5 Energy Conversion
The current patterns of electricity generation were introduced in Section 2.3. In the
scenario, these patterns evolve as the demand for electricity increases, generation
technologies improve, and the generation fuel mix adjusts. Regional electricity de-
mands are the sum of the sectoral demands developed in Section 3.4. The fuel mix
assumptions for electricity generation are presented in Table 3.23 where future val-
ues are based on the electricity generation mix trends in the IPCC mid-range sce-
nario (Pepper, 1994).
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Table 3.23: Generation shares in the scenario (%).

1990

Regions Coal Oil Nat gas Biomass Nuclear Hydro SolarlWind

North America 49 4 11 2 19 16 1
Western Europe 35 8 7 1 30 19 0
OECD Pacific 23 26 18 0 20 12 0
Former Soviet Union 25 14 34 0 12 15 0
Eastern Europe 0 62 8 9 0 15 7 0
Africa 51 18 11 0 3 17 0
Latin America 4 19 9 0 2 65 1
Middle East 4 49 42 0 0 4 0
China + 70 6 1 0 0 24 0
South & East Asia 41 18 8 (", 0 13 19 1,.

2050

Regions Coal Oil Nat gas Biomass Nuclear Hydro SolarlWind

North' America 39 5 11 0 21 10 14
Western Europe 37 7 9 0 25 12 11

.OECD Pacific 26 10 15, 0 27 5 18
Former Soviet Union 44 6 11 0 20 6 14
Eastern Europe 44 6 11 0 20 6 14
Africa. 42 10 18 0 7 8 15
Latin America 21 5 5 0 10 53 6
Middle East 0 17 42 0 12 4 26
China + 40 5 10 0 18 15 12
South & East Asia 38 8 10 0 18 15 12

Source: Data for 1990 from lEA (1993»Scenario years based on IPCC 1992 mid-range scenario Pepper (1994).

Finally, account must be taken of the continued improvement in power plant
efficiencies. We assume that in all regions the average efficiency of all plants reaches
the efficiency levels shown in Table 3.24 which are typical of best-cur rent-practice
for facilities in the United States. In the OEeD regions, these efficiencies are reached

'.J by 2025 as existing plants are retired and new plants phased in. In other regions
which are lagging in these technologies, it is assumed that these efficiencies are
reached by 2050.

\
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Table 3.24: Electric power plant efficiencies.

Plant Type NotesAverage Efficiency (%)

Natural gas
Coal
Oil
Biomass

44
39
36
33

Combined Cycle Plants
75% PFB + 25% MHO*
Combustion Turbine Plants
BIG/STIG**

Source: UCS et al. (1991)
• PFB stands for "Pressurized Fluidized Bed" coal units, MHD stands for "magnetohydrodynamic" coal units .
•• BIG/STIG stands for "Biomass Integrated Gasifier Steam-Injected Gas Turbine".

Global electricity production in the scenario is shown in Figure 3.20. Demand
expands rapidly over the time-frame, from 12 TWh to 44 TWh. Most of the expan-
sion in generation comes from increased solar/wind, nuclear and coal production. 1'\
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Regional patterns are shown in Figure 3.21 where the particularly rapid growth in
,"'"developing regions and regional variations in fuel preference are exhibited .

.
o

8000 -

7000 -

6000 -

5000 --

.s:
-~ 4000 -r-

,3000

2000

1000

0- +
0 ll) 0en N ll)
en 0 0

N C\I
N America

o ll) 0
~ ~ ~C\I C\I

W Europe OECD Pac

Figure 3.21a: Electricity production (N America -- E Europe).

!ill Solar/Wind

I'SHydro
o Nuclear
Ci Biomass

EI Nat Gas
_Oil

DCoal

oll)
o
C\I

oenen
ll)
8
C\I

o ll) 0en C\I ll)
en 0 0C\I C\I

o
ll)
oC\I

FSU E Europe

8000
...••.'

7000 -

6000 --

5000 -

s:
~ 4000

3000·

2000·

III
N
oC\I

o
C]j
en~

ll)
No
N

o
III
o
N

o
OJ
en~

III 0
N 1Il
o 0N N

o
OJ
en

Africa Latin Amer Mid East

m SolarlWind

ES Hydro

ClNuclear

~Biomass

IiilNat Gas
_Oil

DCoal

-1--rLl ---Sr
0 0 1Il 0 0 1Il 0
1Il OJ N Ii) 0> N ll)
0 '" 0 0 en 0 0
N N N ~ N N

China + S&E Asia

Figure 3.21b: Electricity production (Africa -- S&SE Asia).



d

Global Energy in the 21st Century: Patterns, Projections and Problems 67

3.6 Primary Energy Requirements, Production and Trade
Global primary energy requirements in the CDS grow from 350 EJ to over 900 EJ as
shown in Figure 3.22. Fossil fuels continue to dominate, accounting for 82% of
global primary energy supply in 2050 compared to 86% in 1990. However, there is a
significant absolute expansion in renewable and nuclear primary energy supplies."
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I~ It is worth recalling here that the lEA (1993) convention is used to assign primary energy equiva-
lents to solar, hydro, and nuclear electricity generation, namely, 1:1 for solar and hydro, and 3: 1 for
nuclear. This has the effect of exaggerating the role of nuclear energy relati ve to a convention, such
as that usedin.Il'Cf" (1992), where all are converted at3: 1.
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The regional patterns of primary energy supply are illustrated in Figure 3.23. A par-
ticularly rapid expansion is seen for developing regions, with China+ and South &

,<'East Asia exceeding North American total energy requirements by the end of the
scenario period. The changing regional mix of primary energy requirements is note-
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, worthy. For example, coal grows rapidly in China+ in absolute terms but decreases
as a share of total supply, while nuclear power (uranium) expands everywhere. As
shown in Figure 3.24, primary energy requirements of the CDS are close to those of
the IPCC scenario IS92a.19 We will discuss the resource, environmental and social
implications of the CDS in Section 4.
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Figure 3.24: IPCC 1992 scenarios and CDS compared global primary energy requirements.

v,

19 To compare the IPCC and CDS primary energy requirements, two adjustments are necessary. First,
I

the IPCC figures for hydro and solar/wind (Pepper, 1994) are converted to the IEA convention for'
primary energy equivalents (i.e. from an·assumed efficiency of 1.0 to 0.33, adecre~se of two-thirds
in imputed primary energyj.Second, non-commercial biomass energy consumptionis subtracted
from the CDS; since'nonccornrnercial biomass energy is not available for all ofthdPCCscenarios.



4. WHAT'S WRONG WITH THE CONVENTIONAL PICTURE?
The Conventional Development Scenario (CDS) provides a picture of the long-run
outlook for energy requirements under the standard model of development. The sce-
nario assumes the global progression of the values and growth dynamics of western
industrialized civilization. The guiding principles of the scenario are evolution, con-
vergence and integration. Demographic, socio-economic and technological patterns
gradually evolve without significant surprises, radical technological innovations, or
fundamental policy changes. Developing and transitional regions are assumed to
gradually converge toward OEeD economic and energy practices. Finally, in the
CDS, the world becomes progressively more integrated both economically and cul-
turally.

The purpose of introducing the scenario is not to divine a future which is either
probable or desirable. Indeed, we shall suggest below that the conventional develop- I'

ment future is probably neither self-consistent nor feasible. Conventional develop-
ment as we characterize it here would likely be knocked far off course by the stresses
it would impose on environmental, resource and institutional systems. Furthermore,
the continuity assumption of the scenario is deeply problematic, since history sug-
gests that the future will likely hold big surprises. Rather, the CDS provides a useful
cognitive aid for understanding the constraints on business-as-usual development,
and a reference for exploring the timing and scale of policy measures for catalyzing
alternative energy development scenarios.

4.1 The Scenario: A Birds-eye View
The full scenario is summarized by a set of global indicators in Figure 4.1. The CDS
is shown to be a world of rapid expansion of human activity. By the year 2050,
population nearly doubles relative to 1990, GDP per capita more than doubles, an9
world economic output more than quadruples. Energy requirements increase at a
slower rate than economic output, by a factor of 2.5 over the period. The decrease in
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aggregate energy intensity (energy requirements per unit of GDP) is traced both to
increasing energy efficiencies and gradual shifts to less energy intensive economic
activities.

The environmental implications of the scenario are extremely complex and range
over large spatial scales and diverse environmental media. As a crude indicator, we
display carbon dioxide emissions (C02) from energy (a primary contributor to the
risk of global climate change) in Figure 4.1. While carbon dioxide intensities (C0

2
per unit of energYl do not vary significantly, total CO

2
emissions increase substan-

tially over the scenario period, by a factor of 2.7, from 20 Gt in 1990 to 52 Gt in
2050.

The increased energy requirements are met by substantial expansions in the re-
quirements for all energy forms, fossil fuels, nuclear, hydro and .renewables. Is it
likely that such a development pattern can beachieved without introducing intracta-
ble resource, environmental, economic and institutional problems? Does it address
basic sustainability and social equity principles? We begin by identifying the stress
points in the CDS world.

4.2 Fossil Fuel Resources
The requirements for fossil fuel resources in the scenario increase substantially dur-
ing the scenario period as shown in Figures 3.22 and 3.23. The regional structure of
requirements shows that fossil requirements increase across all regions. The increase
is most pronounced in the developing regions.

Cumulative global requirements in the scenario are plotted against reserves for
petroleum, natural gas and coal in Figures 4.2, 4.3 and 4.4, respectively. Reserves
estimates are shown for both currently proved reserves and additional reserves as
suggested by geological and economic criteria (see discussion in Section 2.4).

As illustrated in Figure 4.2.;,conventional petroleum reserves are under tremen-
dous pressure in the scenario. At CDS usage levels, currently estimated global proved
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Figure 4.2: CDS oil requirements and reserves.
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oil reserves are depleted around 2025 and additional oil reserves are depleted around
2035. To a lesser extent, natural gas requirements in the scenario also push against
resource constraints with proved global reserves depleted around 2035, and addi-
tional reserves about 60% exhausted by 2050. On the other hand, coal remains abun-
dant throughout the scenario period.

The CDS requirements are inconsistent with current estimates of reserves. Either
very large additional conventional resources would need to be discovered to meet
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the requirements of the CDS, or a significant shift to unconventional sources for
liquid and gaseous fuels would be required. In a seminal analysis, Masters et al.
(1'990) argue that new discoveries of oil and gas resources large enough to signifi-
cantly increase our resource expectations are unlikely. In the past, the classification .:
of resources in the literature has been inconsistent. Some analysts considered only
"proved reserves" in evaluating oil sufficiency, leading to overly dire concerns about
impending oil shortages since most additional reserves are eventually reclassified as
proved. Exaggerated claims of scarcity contribute inevitably to the opposite pitfall
of insufficient concern for resource limits. However, estimates of the sum of proved
and additional reserves has, in fact, been relatively constant. 20 That is, estimates of
the total amount of ultimately recoverable oil has not changed substantially in recent
decades. Recent experience suggests that this will not change soon. Since the early
1980s, oil companies have prospected intensively for new oil deposits, particularly
in Southeast Asia, Latin America and Afrid. The finds have been small and disap-
pointing (Salpukas, 1994). As a result, the focus for oil exploration is again on areas
where oil deposits are known to exist. Dramatic increase in conventional oil and
natural gas reserves should not be the expectation in shaping long-range energy strat-
egies. Since we are including both proved and additional reserves in the CDS analy-
sis, we have implicitly assumed that all known and projected reserves are available.

Unconventional options include tar sands and shale oil, as well as gas from coal
beds, and very-low-permeability reservoirs. Today, such sources playa minor role in
international petroleum budgets, well under one percent of production. Significant
technological and infrastructural hurdles must be overcome for these options to be-
come cost-competitive in large quantities. Furthermore, low oil prices over the last
ten years have interrupted the research, development and investment momentum for
these unconventional fuel forms. Whether these sources can playa major role at
economically acceptable costs remains uncertain. Furthermore, a transition to un-
conventional sources of oil and gas would carry environmental penalties of the same
magnitude as conventional sources, including carbon dioxide emissions which ex-
ceed conventional fuels.

Some energy models, particularly those developed between the time of the OPEC
oil embargo of 1973 to the mid-1980s when unconventional petroleum sources were
given heavy policy attention, assume a smooth global transition from conventional
to non-conventional fossil fuels." While this cannot be ruled out, the economic,
technological and environmental uncertainties suggest that it would be imprudent to
rely on a transition on such an immense scale (Masters et aI., 1990). There are alter-
natives - less energy-intensive activity patterns, maximum efficiency in end-use
equipment, heavy reliance on renewable energy, substituting hydrogen, ethanol and
methanol for liquid petroleum - but they take us beyond the conventional develop-
ment paradigm.

20 By the 1960s petroleum geologists began to report estimates of ultimate world oil resources around
270 billion tonnes, and ultimate world natural gas resources around 10,000 trillion cubic feet
(Masters et. aI., 1990). These estimates of ultimate resources (proved, additional and resources
previously extracted) have remained remarkably constant over time, and are within 5% of tIe
WEe (1992) estimates relied on here. " '

21 For example, the IPCC scenarios were generated using the Atmospheric Stabilization Framewo k
(ASF), and the ASF uses a version of the Edmonds-Reilly model which has this feature (EdmOn

l
s

and Reilly, 1985). "
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Beyond global supply and demand relationships, the geographical distribution of '\
fossil fuel resources has important geopolitical implications. As shown in Figure
4.5, remaining oil reserves are heavily concentrated in the Middle East (43%), Latin
America (35%) and China+ (8% ).22 The rest of the world, including OECD regions,
account for only 14% of proved & additional oil reserves. As shown in Figure 4.6,
natural gas reserves are heavily concentrated in the FSU (34%), the Middle East
(30%), and Latin America (9%). The rest of the world accounts for 27% of proved
and additional natural gas reserves.

China +
8% Rest of World

14%

MidEast
43%

LatinAmer
35%

Figure 4.5: Proved and additional oil reserves.

MidEast
30%

,Rest of World
27%

o,

Figure 4.6: Proved and additional natural gas reserves.

22 Again, thesefigures reflect both proved and additional reserves. Considering proved reserves alone,
the Middle East share rises to 65%. .
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As a consequence of increasing oil demands and the regional variation in re-
source endowments, areas relatively poor in resources become increasingly depend-
errt on imported oil. By the year 2025 in the CDS, North America, Europe, OECD-
Pacific, and the FSU have become largely dependent on imports, China+ is self
reliant, and Africa meets half of its requirements through imports. Global oil export-
ers are the Middle East and Latin America, which export about 90 and 80 EJ, respec-
tively, of a total global requirement of 220 EJ. These patterns have profound ramifi-
cations for international politics, global economic stability (the oil shocks of the
1970s suggest the :potential vulnerabilities to oil price manipulations), and interna-
tional security (the 1990 Gulf war is a recent case where oil politics contributed to
international conflict). The conventional development path would progressively in-
tensify the role of the politics of oil in world affairs, with the attendant risks of
economic vulnerability, heightened international tensions, and war.

I .

In addition to constraints on the oil resource itself, there are financial and institu-
tional hurdles to the expansion of production capacity. Oil-rich countries currently
face substantial financial and political problems. In many cases, foreign investment
participation is delimited, so oil-sector investments must compete with other na-
tional priorities for scarce resources (lEA, 1994). If capacity expansion does not
keep pace with growing demand requirements, current excess capacity would de-
crease. This would provide the basis for strengthened cooperation among OPEC
countries, thereby increasing the likelihood of a resurgence of the cartel's capability
for manipulating oil supplies and prices.

International trade is more constrained for natural gas where transport is more
costly and technically complex than for oil. Most current trade occurs between con-
tiguous regions using natural gas pipelines. For example, natural gas is piped in
substantial quantities from the FSU to Europe, and from Canada to the United States.
In addition, a significant amount of LNG (liquefied natural gas) is shipped frorn
South and East Asia to Japan, and from Northern Africa toWestern Europe. How-
ever, the end-use costs of LNG is 30-80% higher than for natural gas, due to in-
creased processing and shipping costs (BP, 1993).

As with oil, increasing natural gas demands and regional variations in resource
endowments causes regions with relatively small resources to become increasingly
dependent on imported natural gas. By the year 2025 in the CDS, North America,

-.J Europe and OECD-Pacific all become more than 50%-dependent on imported natu-
ral gas. South and East Asia and Africa are self-reliant, and China+ meets 40% of its
requirements through imports. The main exporters are Middle East, Latin America,
and FSU. Between 2025 and 2050 all of the other regions become increasingly de-
pendent on exports from the Middle East, Latin America and FSU. These patterns of
supply dependence have similar implications as discussed above for oil.

4.3' Nuclear Expansion: Uncertainties and Risks
The conventional development scenario includes a dramatic expansion of nuclear
power generation. As shown in Figure 4.7, global installed nuclear generating ca-
pacity increase from the equivalent of about 330 GW in 1990 to about 800 GW in
2025 and 1200 GW in 2050, or about a factor of 4 over the scenario period. This is
equivalent to an average net annual increment of twelve I-GW facilities to 2025,
and nineteen per year after that, mostly in developing regions. New constrllctiop

I would need to exceed these figures in order to make up for the retirement of older
units which have design lifetimes of 30 to 40 years.



Global Energy in the 21st Century: Patterns, Projections and Problems 77

Achieving such growth would require a dramatic rebound of the industry. In-
stalled nuclear capacity grew to current levels after 1960 through rapid annual in-
creases in the 1970s and 1980s. However, installed capacity may not grow further in
the near term, and in fact, is likely to decrease (Brown, 1994). This is due to com-
pound effects of a reduction in new construction starts from a peak of over 30 GW/
year globally in the mid-1970s to less than 3 GW/year in the 1990s, and the retire-
ment of existing facilities as the first generation of nuclear reactors ages. Reversal of
this pattern will require overcoming substantial barriers which can be classified into

. four categories: cost, safety, radioactive waste disposal, and perhaps the most daunt-
ing of all, security.

Once claimed to be "too cheap to meter", nuclear power in practice has proved in
many countries to be too expensive to build. It is difficult to make complete interna-
tional comparisons because of the high and varying level of subsidies during the
ramp-up of national nuclear programs. In the U.S., which has been characterized by
a relatively high level of public input, costs have been driven up by construction
overruns, the response to new regulations (often to ensure greater levels of safety),
lower performance than originally projected, and high operating costs (Flavin, 1984).
Perhaps more than safety and environmental concerns, high costs have brought the
industry to a standstill. A renaissance of nuclear power on the scale of the CDS will
require less costly, more modular and more reliable technologies. The cost-competi-
tiveness of nuclear power remains to be demonstrated, especially when the "exter-
nal" costs of waste disposal, accidents and security risks are factored in. Finally,
many developing countries would have a continuing challenge securing the invest-
ment financing for highly capital-intensive nuclear projects, andjustifying such out-
lays against other social priorities.

o
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Figure 4.7: CDS installed nuclear power.
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In the early years of the era of nuclear power, there was sharp debate in many
countries on the risks of accident at anuclear facility (U.S. Nuclear Regulatory Com-
mission, 1975; von Hippel, 1977; Lovins and Price, 1975). Advocates claimed that
the perception of risk among large segments of the general public was highly in- .
flated, reflecting a lack of information and even irrational fears. Whatever the inher-·
ent risks, the public reaction to several major accidents - especially the incidents at
Three Mile Island in the USA and Chernobyl in the FSU - had a chilling effect on
the industry. The expansion of nuclear power at CDS levels, would entail, among
other things, overcoming safety concerns by demonstrating the increased reliability
of advanced designs. However, the long-range security of nuclear power is compro-
mised by the risk that a major accident in the future could prompt, as in the past,
calls for moratoria on nuclear power.

Nuclear generation produces large quantities of highly radioactive waste from
spent fuel. The annual generation of irradiated fuel from commercial nuclear plants
was about 10,000 tonnes in 1990 (Adamantiades and Traiforos, 1991). Cumulative
global generation in the CDS would grow from approximately 80,000 tonnes in
1990 to about 1.4 million tonnes by the year 2050. Adding to this total would be the
high level radioactive wastes generated from decommissioning and dismantling power
plants at the end of their useful life.

The waste includes plutonium 239, one ofthe most toxic substances known, with
a half-life of some 20,000 years. The original concept was a closed nuclear fuel-
cycle in which plutonium and uranium would be recovered, separated and reused.
Most countries do not have functioning reprocessing facilities so that the open cycle
once-through technology has become the norm. As a consequence, high-level radio-
active waste is accumulating in on-site storage pools at nuclear plant sites." At the
same time, the experience in the U.S. indicates that designing and siting a perma-
nent repository for such toxic. and long-lived waste is exceedingly difficult, due to
technical uncertainties and immense local resistance. The need to monitor and con-
tain the waste for tens of thousands of years is a legacy from the nuclear era to the
future that is difficult to assess in terms of health and safety risks, or economic costs.
Nevertheless, it is a legacy that would seem to violate the fundamental tenet of
.sustainability that current needs and aspirations be met without unduly burdening
generations to come.

Nuclear power programs increase the danger of the proliferation of nuclear weap-
ons by creating greater access to reactor-grade fuel" and to plutonium in spent fuel.
The linkage between civilian and military nuclear programs has been brought into
sharp focus by concerns that North Korea, Iraq and other countries are engaged in
the reprocessing of spent fuel to recover weapons-grade plutonium. Furthermore,
the appearance of Russian-produced plutonium on the European black market raises

'the specter that terrorists or aggressive states will have increasing access to the raw
material for nuclear weapons (Whitney, 1994). The global output of plutonium from
nuclear power reactors is already about 50 tonnes of plutonium per year, enough for
nearly 1000 Nagasaki-size bombs."

23 While removing much of the plutonium and remaining uranium in the spent fuel, reprocessing
increases the volume of high level radioactive waste (Lenssen, I992a) ,

24 In June 1994, the United States Secretary ofEn~rgy revealed detailed information on a test-explf-
sion in 1962 that relied on reactor-grade plutonium, rather than the normal weapons-grade ma~e-
rial.

25 A 1 GW(e) LWR plant generates about 141 kg/year of fissile plutonium (Feiveson et al., 1979).
I
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The danger of diversion to weapons fabrication is mitigated today by the highly
radioactive character of spent fuel from conventional open cycle reactors, since a
reprocessing facility would be required to separate the plutonium. But the once-
through technology relies on virgin uranium resources that will become increasingly
scarce at the levels of nuclear generation envisioned in the conventional energy pic-
ture. This is illustrated in Figure 4.8 which contrasts the uranium required to fuel
once-through reactors and the limited available reserves." To achieve the scenario
goals, spent fuel would need to be reprocessed and plutonium recovered for reuse in
conjunction with breeder reactors. 27 Though the United States abandoned reprocess-
ing during the Carter administration to decrease the spread of plutonium, other coun-
tries - Britain, France and Russia - are already generating far more plutonium
than can be used, leaving stockpiles of over 100 tonnes of plutonium around the
world (Sanger, 1994). Already a major market for European plutonium, Japan has
plans to construct its own reprocessing facilities, further raising risks of diversion.
The scenario would increase such international flows and bring all regions of the
world into the plutonium economy.
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2~ Proved plus probable reserves recoverable (at less than $130 per tonne) are estimated to be about

3.3 million tonnes of uranium (WEC, 1992). However, there is considerable uncertainty in the
ultimate uranium resource base (Grubb et al., 1990). While exploration for new uranium resources
has virtually stopped, expanded use of nuclear power could lead to expanded exploration, better
extraction technologies, and/or increased recovery of uranium as a by-product from other mineral
extraction activities (i.e., from mining of gold, phosphates and copper). /

21 A full shift to breeder reactors by 2025, which generate fissionable materials as a by-product and
use uranium 60 times more efficiently than open-cycle reactors, would address the resource con-
straint in the scenario. However, in addition to the proliferation risks discussed in the text, breeder
reactors pose the risks of higher cost and increased complexity relative to conventional nuclear
designs. The only functioning breeder reactor, theSuperphenix inFrance, has had severe operating
difficulties (Sanger, 1994). The expansion of breeder reactors to meet the nuclear power require-
ments ofthe CDS cannot be considered likely.
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While requiring safeguards as stringent as those in nuclear weapons programs,
international trade in nuclear power-generated plutonium is exceedingly hard to
monitor and controL The tremendous increase in the flow of plutonium envisioned
in the conventional development scenario, the expansion of the number of global
regions involved in plutonium commerce, the difficulties in enforcing safeguards on
a global basis, and the ease by which nuclear weapons can be fashioned from sepa-
rated plutonium, imply a strong and intrinsic link between the nuclear power option
and nuclear weapons proliferation. In an era of regional conflict, extremist social
movements, and"unstable regimes, the risk of weapons proliferation places a high
cost - and high uncertainty - on the expansion of the nuclear power option at
anything like the levels envisioned in the conventional development scenario.

4.4 Hydro Power: Construction Distm;'bahces
In the CDS, annual hydroelectric power production increases from about 2200 TWh
in 199028 to 5500 TWh in 2050. This level of output is well below the exploitable
potential which is estimated to be up to 14,000 TWh/year (WEC, 1992). The sce-
nario results are summarized in Figure 4.9, The most rapid growth is in the develop-
ing regions where hydroelectric power production increases by more than a factor of
5.

From the perspective of economic and technical potential, the level of expansion
in the scenario is feasible. Moreover, as an indigenous and renewable energy re-
source, hydropower offers the benefits of reducing fuel import dependency and air
pollution relative to fossil fuel-fired generating options. These benefits are condi-

6,000 -,--------------------------,

1,000

\.•./

2,000

o
1990 2025 2050

Figure 4.9: CDS hydro power requirements.

2X Generation in 1990, which was a dry year, would have been approximately 2500 TWh based on
average runoff conditions (WEC, 1992).
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tional, however. The renewability of hydropower is only approximate since reser- I,

voir siltification gradually erodes the resource potential, and the contribution of
hydropower to self-reliant development is compromised insofar as the financing and
construction of these capital-intensive facilities deperid on external hard currency
loans and foreign contractors.

Beyond issues of engineering feasibility and cost-competitiveness, the construc-
tion of large-scale hydroelectric facilities can significantly disrupt local communi-
ties and ecosystems. The environmental and social impacts of hydroelectric plants
include disturbance of the spawning grounds of migratory fish; flooding of natural
habitats, farmlands, and communities; displacement of populations; alteration of
local hydrological patterns; and risks of catastrophic flooding from dam failure.

In recent years, sensitivity to the environmental and social repercussions oflarge
area flooding for reservoirs has increased. Political and social opposition has chal- r
lenged new construction, while international donors have begun to take a tougher
look at the full costs of hydropower development (Lenssen, 1992b). With many of
the best sites already exploited, it seems likely that opposition will increase as facili-
ties are proposed that carry increased costs --economic, environmental and social.
Meanwhile, the expansion of settled areas and farmland as populations and econo-
mies grow will encroach on potential hydroelectric sites and raise the stakes and
possibility for conflict.

These frictions will delimit the expansion of hydroelectric resources to well-be-
low the ultimate potential. In this regard, smaller-scale hydrofacilities may be an
attractive alternative to mega-projects although there is some indication that envi-
ronmental impact per unit of generation does not diminish with decreasing size
(Gleick, 1992). In any case, achieving the levels of the CDS will likely require greater
sensitivity by development authorities to environmental and social costs in project
evaluation, and more active involvement by affected communities in the siting proc-
ess.

4.5 Greenhouse Gas Emissions
There is scientific consensus that human activity is increasing the atmospheric con-
centrations of the so-called greenhouse gases, and that this poses risks of leading to
warmer climates, altered hydrological patterns, and sea-level rise (IPCC, 1991). There
is significant uncertainty and debate regarding the likely level of biospheric response
to continued anthropogenic emissions and to the ultimate human and ecosystem
impacts. Nevertheless, because of the scale of the risks, climate change has become
a major item on the international agenda. The issue is being addressed both through
national programs and an international treaty process, the Framework Convention

. .
on Climate Change, officially convened in 1994 and likely to take many years as it
touches on fundamental questions of development, and North-South interactions.

Stabilization of atmospheric concentrations of greenhouse gases at current levels
would require immediate reductions in emissions from human activities of over 60%
(IPCC, 1990a). While such deep reductions of greenhouse gas emissions would mini-
mize the threats to human and ecological systems associated with climate change,
there is no realistic near-term way to achieve these levels because of the momentum
built into currentpractices and the recalcitrance of political positions. Current nego-
tiations aim at the far more modest first step where the richer countries strive to keep

:.. ,....:.. .>:". __, 1:/ J .co •. .<. .', ,. •

their greenhousegas emissions in the year 2000 at 1990 levels. 'Meanw hile, poorer
countries argue incisively that the lion's share ofthe responsibility for reduction lies
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with the rich countries that have caused most of the problem. Developing countries
will aim to link their participation in decreasing emissions, or providing biomass
'sinks for carbon, to the transfer of technology and greater development assistance
from the North. Reaching a new global bargain encompassing these issues will test
the capacity of international cooperation, and it is likely to take many years before
there is a significant effect on global emissions.

If strict climate stabilization is not a possibility, it may be asked whether there are
levels of climate change which can be tolerated without overly severe impacts. The
Advisory Group' on Greenhouse Gases (AGGG), organized by the World Meteoro-
logical Organization, the International Council of Scientific Unions, the United Na-
tions Environment Program and Stockholm Environment Institute, addressed this
question by developing estimates of thresholds Ofclimate risk (Rijsberman and Swart,, '.

1990). To protect vulnerable ecosystems, the AGGG recommended limiting the rate
of sea level rise to between 20 and 50 mm per decade, and limiting the rate of change

. in global mean temperature to no more than 0.1DCper decade, with a maximum
cumulative warming of 1.0 to 2.0DC from pre-industrial levels. More rapid sea level
change would threaten natural wetlands, coral reefs and island nations, and signifi-
cantly increase the severity of storm damage to society and to ecosystems. Faster
temperature change could result in rapid, unpredictable, and non-linear responses of
the climatic system that could lead to extensive disruption of natural and socio-
economic patterns.

Remaining within these targets would require reducing carbon dioxide emissions
to 50% of their 1985 levels by the middle of the next century CIPCC, 1990a). Carbon
dioxide is the most important anthropogenic greenhouse gas, accounting for 55% of
the change in radiative forcing between 1980 and 1990 CIPCC, 1990a). Further, the
production and use of energy is the dominant source of carbon dioxide emissions,
accounting for 85% of current global emissions (Subak et al., 1993).

In sharp contrast to the AGGG sustainability guidelines, energy-related carbon
dioxide emissions in the CDS increase rapidly. As shown in Figure 4.10, annual
global carbon emissions from energy in 2025 are about double current levels and in
2050 are almost triple. Developing region emissions increase by a factor of 5 over
the scenario period. The gap between these trends and the requirements for remain-
ing within the risk thresholds noted above, suggest the huge scale of emission abate-
ment levels that must be part of alternative energy scenarios for achieving
sustainability .
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Of course, setting greenhouse gas emission goals transcends energy considera-
tions alone. Deforestation is a significant source of carbon dioxide (about 15% of
current emissions), while other greenhouse gases are emitted from non-energy ac-
tivities (e.g. livestock, rice cultivation, landfills, fertilizer applications). Climate goals
can be achieved, in principle, by many combinations of abatement measures and
sink enhancements. In practice, however, energy is likely to be the primary target of
climate initiatives for the following reasons: it is the most important single source;
energy-related emissions are better understood and measured then emissions from
other sources; and energy use and supply' patterns are relatively amenable to policy
interventions. Therefore, we can conclude that energy-related greenhouse gas emis- .
sions in the CDS represent a very serious excedence of sustainability targets. .

The structure of emissions across regions is also notable. Despite the relatively
rapid growth in total annual emissions in developing regions, emissions per capita 1"

in those areas remain significantly below industrialized countries. The relative emis-
sions per capita are shown in Figure 4.11. Emissions per capita are often mentioned
as a reasonable measure of inter-country equity in setting abatement targets. The
figure shows how far from this goal the world is today, and would continue to be
under the conventional development assumptions. The figure also contrasts the av-
erage emissions per capita in the scenario in 2050 with the average level to achieve
the sustainability target. Indeed, emissions per capita exceed the sustainability target
in each region. In the industrialized countries a fundamental change would be re-
quired in per capita emissions to reach averages under the global targets.
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Energy is also the source of about 20% of methane emissions, mostly from coal
mining, and oil and gas production. Emissions growth in the CDS has a growth
pattern similar to that of carbon dioxide emissions a's shown in Figure 4.12. Again,
the fastest growth in emissions occurs in the developing countries, where they are.
more than triple. .

4.6 Traditional Fuels, The Poor and the Rural Environment
The so-called traditional fuels - wood, charcoal, animal dung and agricultural waste
- are widely use-din developing countries, particularly for domestic cooking. Rural
households generally rely on fuelwood and, as this resource becomes more scarce,
on dung and wastes. In some countries, many urban households use wood-derived
charcoal, a compact and transportable fuel with cost advantages over direct use of
fuelwood in certain areas where markets arerfar from forest and other wood re-

f- "

sources.
Historically, industrializing countries have undergone an energy transition from

traditional fuels to modern fuels and electricity, as incomes rise. This dynamic is still
at play today, where, for example, in Africa there is a broad positive correlation
between the share of biomass in energy use and GDP per capita (Raskin and Lazarus,
1991'). The CDS reflects this process as household energy patterns in developing
regions converge toward GECD levels with economic growth (see Section 3.4.2).

However, this does not imply that use'of traditional biomass will rapidly dimin-
ish, for two reasons. First, as we have seen, the era of cheap energy has passed. The
industrialization of developing regions in the twenty-first century will be under con-
ditions of dear energy. Higher fuel prices will slow the transition to modern fuels at
levels of development and personal income comparable to those of the already in-
dustrialized regions.

Second, the decrease of the absolute number of poor people, the primary users of
biomass for energy in developing countries, may be slow despite income growth.
This number may be expressed as the product of two factors, total population and
the fraction of the population that is poor. There are contrary effects here. Population
increases swell the number of poor, all else equal, while increases in average income
tend to decrease the number. The result is indeterminate since it depends on the
shape of income distribution curves and how these change in the future. For exam-

"I pIe, if income distribution becomes more skewed in the course of development, with
growing disparities between the rich and poor in a given region, the actual numbers
of -people at low income levels could stay constant or increase.

Information on the structure of current income distributions and their likely shape
under conventional development conditions is insufficient to provide a basis for a
detailed assessment of future traditional biomass requirements. However, the his-
toric pattern in India, where data are available, is of interest. While average GDP per
capita grew by almost a third between 1973 and 1988, the absolute population in
poverty decreased only slightly and remains at over 300 million (Repetto, 1994).
Considering the case of Africa, GDP per capita is assumed to rise from about $600/
capita to about $2000/capita over the scenario period. The latter figure is about the
average current value for the Republic of South Africa, a country of highly skewed

\.. income distribution, and where current biomass use per capita is about 75% of the
average for Africa despite relatively high average incomes (Woods and Hall, J994).
Even if per capita biomass usage for Africa as a whole is assumed to decrease wbll
below this figure as a result of more equitable future income distribution, the j.4
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fold increase in population in the scenario could keep future absolute traditional
biomass requirements substantial relative to current levels. This is reflected in the
scenario assumptions where aggregate regional demand for fuelwood remains high
in developing regions (see Figure 3.6).

The attendant issues of resource sufficiency, rural economic development and
environmental stress would remain as we~l (O'Keefe et al., 1984; Leach et al., 1986;
Munslow et al., 1988). The character of the fuelwood problem is a complex matter,
made more opaque by the lack of good data on consumption, collection, and the
resource base. Nevertheless, there are known to be many areas of fuel wood shortage
today. The lack of adequate wood sources is primarily due to land-use conversions
in which standing stocks of trees are degraded, and further exacerbated by increas-
ing fuelwood demands. Indicators of shortage are increasing wood collection dis-
tances by rural householders (generally women and children), the substitution of
animal dung and agricultural waste fuels for fuelwood, and actions by rural people
to either use wood more efficiently or plant trees. The nature of the response to
fuelwood shortage in a given area depends on local culture, traditions and institu-
tions.

Through rarely the primary cause, fuelwood exploitation beyond the limits of
available renewable yields contributes to environmental stress in rural areas. Incre-
mental loss of standing trees reduces water retention, increases runoff and erosion,
and threatens habitats. When dung and agricultural waste fuels are substituted, soil
nutrients and structure can be degraded. Furthermore, by occupying increasing shares
of household labor budgets, fuel wood scarcity contributes to the perpetuation of
poverty in rural households, with its deleterious demographic, social, and environ-
mental implications for sustainability.

Generalities about the character of the fuelwood problem and the environmental
consequences are perilous in light ofthe variation across local conditions. The broad-
brush conventional energy development scenario suggests that wood requirements
will remain high, absent policies to foster a major rural energy transition. At the
same time, supplies will remain constrained, particularly as agriculture and settle-
ment areas further expand with population and economic growth. The rural energy
problem must remain a priority on the agenda for a sustainable energy future.

4.7 Local and Regional Pollution.f
The combustion of fossil fuels is implicated in a number of additional environmen-
tal impacts (Holdren, 1992). Given the increased use of oil, natural gas and coal
summarized in Figures 3.22 and 3.23, and in the absence of significant impact abate-
ment policies, there will be proportionate increases in threats to the environment and
human health.

We mention four of the more significant impacts here. First, oil spills associated
with international petroleum trade currently add about 50,000 tonnes of oil per year
to oceans. Second, about 90% of the sulfur dioxide emissions and perhaps half of
nitrogen oxides (NO), the precursors to acid rain, are related to energy combustion.
Third, energy is an important source of some toxic heavy metal releases accounting.
for most of the lead added to the environment, and significant contributions to
anthropogenic loads of mercury (20%) and cadmium (13%). Finally, nearly half of
particulate and non-methanellyd~ocarbon emissions are from energy.

Actions are being taken tOday><to'mitigate many of-these environmental risks,
through emissions controls and fuel choices, e.g. awayfrom leaded gas and high

:1
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sulfur coal. It is possible that the impacts can be adequately controlled in an evolu-
tionary way without impeding the growth assumptions of the CDS. On the other

.,,- hand, rapid urbanization will aggravate ground level air pollution and the sheer vol-
ume of combustion will counteract measures to control unit emissions. Furthermore,
the cumulative effects of environmental loads such as toxification of soils and acidi-
fication are not well understood. The questions for the future are the adequacy of
current environmental measures in light of expanded energy use, the degree to which
appropriate actions will be adopted across regions, and the acceptability of the asso-
ciated costs. Avoiding these uncertainties is an additional benefit of alternative en-
ergy scenarios which rely less heavily on fossil fuel combustion .

.,-.



5. BEYOND CONVENTIONAL DEVELOPMENT
We have posited a conventional development scenario for energy and argued that it
suffers from internal contradictions, uncertainties and risks. Our argument is remi-
niscent of the "proof by contradiction" in mathematics in which a theorem is pos-
ited, shown to lead to contradictions, and thereby proved false. The CDS, rather than
prescribing a future, reveals the inadequacy of a business-as-usual posture toward
energy development. Its deficiencies help clarify the requirements for alternative
"success" scenarios for a transition to a more resilient and sustainable long-range
energy future, and the policies necessary to achieve them.

5.1 Linkages to Other Biophysical Processes
We have focused on the implications for energy of a conventional development,
business-as-usual future. A full consideration of the biophysical implications ofthis
scenario would include environmental and resource pressures not driven primarily
by energy production and use patterns. Within the framework of the conventional
development scenario, there are stories to be told about water resources, land use,
food and agriculture, deforestation and species loss, and chemical and material waste
loads. In analogy with energy, the combination of population and economic growth
in the western industrial development mode, and only gradual penetration of cleaner
and more efficient technologies, would place increasing pressure on resources, stress
ecosystems, and compromise human health and well-being.

Problems of water scarcity, already of profound concern today in a number of
river basins and catchment areas around the world, would deepen (Engelman and
LeRoy, 1993; Falkenmark and Lindh, 1993; Raskin et aI., 1995). The sufficiency
and preservation of arable land would challenge policy-makers as agriculture sys-·
terns must meet ever greater production, requirements, the built-environment en-,
croaches on arable lands, and farmland becomes degraded through unsustainable
land-use practices (Kendall and Pimentel, 1994). Furthermore, the environmental
load of toxic chemicals from both industrial production and in consumption wastes
will increase in scale and complexity as thousands of new chemical products are
added each year.

There are important linkages and feedbacks between these aspects of the
sustainability problem and energy issues. For example, water is required for energy

.t

systems; energy production and u.Se contributes to heavy metal emissions; and
bioenergy competes for land with agriculture, forestry and settlement expansion.
Furthermore, a changing environment could modify the conditions for resource use
in highly complex and uncertain ways, for example, if climate, hydrology and biotic
patterns are severely altered. '~

5.2 Social and Geopolitical Dimensions
The grave environmental and resource pressure of the conventional development
path, in the context of continued inequity between and within nations, could com- .
.promise social stability and international cohesion. AS we have seen, while income
growth rates for the poorer regions are higher than average, the disparity between
rich and poor grows in absolute terms. Furthermore, in the absence of policies to
reduce widening income disparities within countries, the absolute number of people

l
·
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In our bifurcated world of rich and poor countries, poor countries are under heavy
pt:essure to export commodities in order to meet the basic needs of their people, to
purchase vital imports, and to pay international debts. Often, this means exploiting
natural land and mineral resources with little regard for the long-term costs in re-
source depletion and environmental deterioration. If developing countries are to make
the transition to globally sustainable practices, affluent countries will need to trans-
fer appropriate technologies, forgive debts, and promote development that meets
needs and aspirat~ions while preserving' environments. This requires greater equity
among nations.

The international security system would be stressed in such a world, particularly
if environmental degradation in various areas stimulates migration to richer areas.
Incipient breakdowns in national and international stability could in turn provide
conditions for authoritarianism, for the flaring of regional, ethnic, and religious con-

. flict, and the suppression of democratic institutions.

5.3 Policy Implications
If conventional development presents unsatisfactory risks, what proactive initiatives
are warranted to transition from a conventional development scenario to a "success"
scenario that would reduce the likelihood of unfavorable surprises and provide. a

.more resilient pathway to sustainability? A satisfactory response to this fundamental
question will require the delineation of alternative development pathways and inte-
grated analytic methodologies which include, but transcend, energy issues." Here
we restrict ourselves to general comments.

There are those who downplay concerns about sustainability. Many hold philo-
sophic objections to grand attempts to understand and guide human destiny, placing
their faith in the capacity of the free market, human ingenuity and a homeostatic
biosphere to provide timely responses to environmental and resource pressures. This
world-view suggests minimalism toward development and environment policies,
beyond steps to get competitive and maximally unfettered markets to function at
local, national and global scales. Indeed, this perspective is ascendant in many are-
nas, especially where economists of the neoclassical school advise governments and
formulate policy.

From the perspective of many ecologists and adherents of the sustainable devel-
opment paradigm, this emphasis seems dangerously naive. The risks of relying on
market and natural responses to correct perilous tendencies - and being wrong -
are huge. The adoption of proactive policies and actions to avoid risks of ecological
breakdown, resource degradation and related social friction appears the only pru-
dent course under conditions of such uncertainty.

A major problem injoining these frameworks is the incommensurability of rnon-
e~ary costs as defined by markets, and environmental costs which are often long-
term, multi-dimensional, and inherently normative (e.g. the cost of an "excess death"
or of a lost species). There is no consensus, or even compelling methodology, for
comparing the costs of climate change, for example, to the monetary costs of pre-
venting it. Furthermore, there are great difficulties in embracing the interests of fu-
ture generations - who cannot "vote" in today's market place - with the immedi-
ate bottom-line concerns of today's producers and consumers.

29 The PoleStar project reI ies on an integrated framework that includes energy as one of a number of
significant components of socio-ecological systems, and employs a special accounting software,
the PoleStar system, for integrated analysis that was used to conduct the analysis in this study.
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In the end, the notion of sustaining the planet itself is a value that cannot be
derived from economic doctrine. For those who adopt this value, a minimum re-
quirement for policy will be to reduce the risk of undermining the conditions for
human opportunity and activity in the future. We are at the early stages of
operationalizing sustainability as a practical basis for action which will require de-
fining sustainability targets, laying out development scenarios that conform to those
targets, and fashioning policy strategies for achieving these goals.

In broad terms, the challenge for energy policy is clear: greater efficiency in the
conversion and production of energy, and greater use of renewable resources. Strat-
egies need to be customized at global, regional, national and local levels, and will be
taken up in forthcoming PoleStar publications. A wide range of policy instruments
are available for achieving strategic targets, with the appropriate mix varying to
conform with local institutional constraints and predilections. Environmental costs
can be reflected in the price of energy as a means for guiding consumption levels and
fuel choices. Minimum efficiency standards can be set for appliances, lighting, mo-
tors and other end-uses, including automobiles. The regulatory process can direct
electric utilities toward integrated, least-cost programs that include an emphasis on
reducing demand on the customer's side of the meter. Direct subsidies can catalyze
the development of desirable technologies - and unwarranted subsidies for con-
ventional fuels can be eliminated. Educational and promotional campaigns can in-
duce individuals and enterprises to practice better energy management. Government
purchasing programs can provide initial markets for emerging technologies. Re-
search and development agendas can nurture renewable resource development. In-
ternational trade agreements can ensure that sound national standards and practices
are protected.

5.4 Synthesis and Sustainability
As we have seen, the challenge of sustainability raises issues far beyond those of
energy alone. There are powerful linkages between energy and other resources, en-
ergy and life-style, energy and a changing environment, energy and production tech-

. nology, energy and poverty, and energy and geopolitics. Energy policy can address
the efficiency of cars and the supply of oil, not settlement patterns, transportation
policy, and life-style choices. Energy policy can foster the development of solar-
hydrogen technologies, not the stability of the complex international infrastructure
that may be required for this option. Energy policy can provide incentives for biomass
energy options, not guarantee the compatibility of an intensive biomass strategy
with land and water requirements for other human purposes.

The scenario examined in this study helps clarify the uncertainties and stress
points of a conventional picture of energy development. It is a useful ;point of depar-
ture for examining alternative long-range scenarios and their implications for energy
and development policy. The treatment of alternative scenarios and the actions needed
to approach sustainability is the subject of future studies. Here we wish simply to
place the CDS in context by introducing an idealized taxonomy of possible global
futures.

Classes of scenarios are introduced in Table 5.1, each characterized by a develop- .>'

ment paradigm, demographics, economic dynamics, and technology assumptions. 30

I I
3f .Other organi~ing structuresforg)oba) scenarios are presented in Trisoglio et aJ. (1994), Tonn et al. r.

(1994), Robertsorl (:1979) and Kahn et aJ.{1976).
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Table 5.1: Idealized world development scenarios.

':..

Scenario

Conventional development
(or business-as-usual)

Technology push

Rapid growth w. equity

New sustainability paradigm

Breakdown

Authoritarian

Bombshells

Development Paradigm

conventional industrial model;
gradual economic globalization;
nation states remain primary w.
rise in representational
democracy; market and
consumerist driven

conventional with strong policies
to stimulate clean technologies

accelerated globalization;
convergence of international
economies; emergence of multiple
regional blocs; rapid expansion of
industrial culture, markets,
technology and values

new govemance structures w.
reduced role for nation state;
combined markets with planning
constraints; rapid rise of
community, quality and equity
values

severe economic- environmental-
social crises; collapse of world
economy; social disorder, extreme
localism, deindustrialization

corporatist response to
breakdown; centralized command
& control; enforced
environmentalism

extreme perturbations, e.q., due
to pandemic, "miracle"
technology, dominance of world
fundamentalist religion, world
war iii, colonization of space,
runaway climate change, etc.

Population

mid-range; aging population in
industrialized countries; rapid
urbanization in des

low-range; converging
demographic structures

low-range; more dispersed
settlement patterns

decreasing

low-range enforced

Economy

gradual growth; shift to service
sector; slow reduction in north-
south gap

rapid expansion; rapid reduction
of north south gap; led by multi-
national corporations

low growth; approach to steady
state and equity; more local ."::-.
reliance within global system;
reduced consumerism, voluntary
simplicity

formal economy shrinks as
informal production and barter
expand

controlled growth; enforced
simplicity; distributional inequity

.,

Technology

gradual adjustment

o·

best available technology

rapid development; tectinoloqy
transfer

mixed small and large scale;
global infrastructure; clean
technology

increasing use of manual
implements; simple technologies in
informal economy

large scale high-tech in elite
fortresses; devolution elsewhere
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Each of these appear to be a plausible basis for constructing a "future history" of the
world. This study has focused only on the energyaspects of a conventional develop-
ment scenario. Ultimately, the analysis needs to be complemented by exploring the
energy implications of the spectrum of scenarios, in order to identify the institu-
tional, socio-economic, cultural and technological elements of a sustainable future.
Furthermore, the strong interactions of,energy issues with other components of the
socio-ecological system underscore the difficulty of treating energy issues in isola-
tion, and suggests that the question of energy sustainability be embedded in an inte-
grated analytic framework.

It is worth reflecting on the question of surprising futures, the final class of sce-:
narios shown on Table 5.1. If history is a guide, there is a good chance of significant
technological, cultural and institutional surprises over the time-frame we are consid-
ering that would undermine the continuity assumption of the conventional develop-
ment scenario. For example, a third world war, the diffusion of cheap nuclear fusion
power, the emergence of fundamentalism as a dominant movement, a major natural
disaster, and other possible events with large-scale impacts, would each have a strong
influence on the global future though probabilities cannot be assigned.

What are the implications for global scenario analysis of the recognition that the
future holds surprises? First, it is clear that in our thinking about the long-range
future, our conclusions must be tentative, and our results must be -continually
renormalized as events evolve. We are navigators responding to unforeseen condi-
tions. Second, the better we grasp where we are headed in a surprise-free world, the
better we can consider the impacts of unforeseen events, and perhaps take steps to
reduce the probability of undesirable surprises (e.g., runaway climate effects driven
by anthropogenic greenhouse gas emissions) and foster others (e.g., through research
and development on cutting-edge technologies). Third, we can adopt development
strategies that build the resilience of technical, natural and institutional systems so
that the vulnerability to perturbations and the danger of breakdown is reduced .

. Ultimately, energy must be place in a holistic context where energy sustainability
can be addressed as an aspect of a broader transition to social and environmental
sustainability. This defines a substantial research agenda which will require quanti-
tative and qualitative assessments of alternative futures and how to get there. Based
on our findings, this process is likely" to take us beyond conventional development
notions, and will carry profound irnplications for the future well-being of humanity
and the planet we inhabit.

r-
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Production 24,160 3,337 21,739 0 21,291 7,461 2,048 61 0 0 0 0 80,097
Net Imports -3,206 0 14,020 772 28 0 0 0 6 0 0 0 11,620
Discrepancies 1,688 0 -916 -339 -603 0 0 0 -39 8 0 0 -201

TPES 22,642 3,337 34,843 433 20,716 7,461 2,048 61 -33 8 0 0 91,516

Electr Gen -16,882 -360 0 -1,349 -2,767 -7,461 -2,048 -61 13,168 0 0 0 -17,760
Dist Heat -95 0 0 -8 -15 0 0 0 0 101 0 0 -17
Oil Refining 0 0 -34,808 33,033 a 0 0 0 0 0 0 0 -1,775
Alcohol Prod 0 0 0 0 a 0 0 0 0 0 0 0 0
Losses & Own Use -2,843 0 -35 -33 -3,087 0 0 0 -2,207 -12 0 0 -8,217

TFC 2,822 2,977 0 32,076 14,847 0 0 0 10,928 97 0 0 63,747

HOUSEHOLDS 64 921 0 1,262 4,774 0 0 0 3,797 0 0 0 10,818
Urban 48 691 0 947 3,582 0 0 0 2,849 0 0 0 8,117

Refrigerat 0 0 0 a 0 0 0 0 332 0 0 0 332
Lighting 0 0 0 0-- a 0 o 0 358 0 0 0 358
Air Cond. 0 0 0 0 0 0 0 0 378 0 0 0 378
OtherAppl 0 0 0 0 a 0 0 0 1,014 0 0 0 1,014
Cooking 0 0 0 0 167 0 0 0 204 0 0 0 371
Water Heat 0 0 0 169 1,059 0 0 0 184 0 0 0 1,412
Space Heat 48 691 0 778 2,356 0 0 0 379 0 0 0 4,252
Other 0 'A 0 0 0 a 0 0 0 0 0 0 0 a

Rural 16 230 0 315 1,192 0 0 0 948 0 0 0 2,701
Refrigerat 0 '"0 0 0 0 0 0 0 111 0 0 0 111
Lighting 0 0 0 0 0 0 0 0 119 0 0 0 119
Air Cond. 0 0 0 0 0 0 0 0 126 0 0 0 126
OtherAppl 0 0 0 0 0 0 0 0 337 0 0 0 337
Cooking 0 0 0 0 56 0 0 0 68 0 0 0 124
Water Heat 0 0 0 56 352 0 0 0 61 0 0 0 469
Space Heat 16 230 0 259 784 0 0 0 126 0 0 0 1,415
Oth,er 0 0 0 0 0 0 0 0 0 0 0 0 a

SERVICES 287 0 0 430 3,010 0 0 0 3,369 72 0 0 7,168

TRANSPORTATION 0 0 0 22,351 0 0 0 0 4 0 0 0 22,355
Passenger 0 0 0 16,302 0 0 0 0 0 0 0 0 16,302

BoadPass 0 0 0 12,983 0 0 0 0 0 0 0 0 12,983
Rail Pass 0 0 0 20 0 0 0 0 0 0 0 0 20
Air Pass' ' " 0 0 0 0 0 3,2990 3,299 0 0 0 0 0

I;reigh! 0 0 0 6,049 0 0 0 0 4 0 0 0 6,053
F30aqFrt 0 0 0 5,261 0 0 0 0 0 0 0 0 5,261
Rilil Frt 0 0 0 498 0 0 0 0 4 0 0 0 502
AirFrt 0 0 0 73 0 0 0 0 0 0 0 0 73
Water 0 0 0 217 0 0 0 0 0 0 0 0 217

JN~0S,TRY 2,056 0 7,374 7,043 0 0 0 3,724 25 0 0 22,693
lion & stee! 0 0 12 49 0 0 0 281 0 0 0 1,220

-, Non-rerr, met~I' 0 0 16 26 0 0 0 354 0 0 0 521
Stone.plass.cla 0 0 10 16 0 0 0 130 0 a 0 520
Paper & pulp, 1,318 0 98 98 0 a 0 610 0 a 0 2,441
cnernicai:' " ,0 0 5,105 261 0 a a 806 14 a a 6,633

AII~E~ergy 0 0 14 125 0 0 a 806 14 a a 1,390Fdstcks. etc a 0 _ 5,091 136 0 0 a "/ 0 0 0 0 5,243
•.....
COther industry 738 0 2',133 6,593 0 0 0 1,543 11 0 a 11,358 >--'

0 0 659 20 0 0 0 34 0 0 0 713



,--

Western Europe, 1990 [PJ] t..

Coal Biomass CrudeOi Petroleu NatGas Uranium Hydropow Renewabl ElectF _ Heat Sugarcan Alcohol TOTAL
•....•

Production 9,818 1,550 8,883 - 0 6,667 8,161 1,648 15 0 0 0 0- 36,742 0
Net Imports 4,009 0 17,168 1,370 3,262 0 0 0 29 0 0 0 25,838 N

Discrepancies 213 -38 1,580 -3,219 -160 0 -3 0 -46 -7 0 0 -1,680"\

TPES 14,040 - 1,512 27,631 -1,849 9,769 8,161 1,645 15 -17 -7 0 0 60,900

Electr Gen -8,397 -324 0 -1,856 -1,467 -8,161 -1,645 -15 8,850 0 0 0 -13,015
Dist Heat -625 0 0 -141 -111 0 0 0 0 745 0 0 -132
Oil Retining 0 0 -27,631 26,111 0 0 0 0 0 0 0 0 -1,520
Alcohol Prod 0 0 0 0 0 0 0 0 0 0 0 0 0
Losses & Own Use -632 -15 0 -121 -459 0 0 0 --1,396 -87 0 0 -2,710

0$

TFC 4,386 1,173 0 22,144 7,732 0 0 0 7,437 651 0 0 43,523

HOUSEHOLDS 853 768 0 2,371 3,080 0 0 0 2,213 331 0 0 9,616
Urban 682 614 0 __ 1,897 2,463 0__ __ 0 _0___ 1,7.69 265 0 0 7,p90

Refrigerat 0 0 0 0 0 0 0 0 389 0 0 0 389
Lighting 0 0 0 0 0:- 0 0 0 156 0 0 0 156
Alr Cond. 0 0 0 0 0 0 0 0 15 0 0 0 15
OtherAppl 0 0 0 0 0 0 0 0 526 0 0 0 526
Cooking 0 0 0 36 107 0 0 0 214 0 0 0 357
Water Heat 71 .43 0 497 355 0 0 0 255 28 0 0 1,249
Space Heat 611 571 0 1,364 2,001 0 0 0 214 237 0 0 4,998
Other 0 0 0- 0 0 0 0 0 0 0 0 0 0

Rural 171 154 0 474 617 0 0 0 444 66 0 0 1,926
Refrigerat -0 0 0 0 0 0 0 0 97 0 0 0 97
Lighting 0 0 0 0 0 0 0 0 39 0 0 0 39
AirCond. 0 0 0 0 0 0 0 0 4 "\. ~- 0 0 0 4
OtherAppl 0 0 0 0 0 0 0 0 132 0 0 0 132
Cooking 0 0 0 9 27 0 0 0 54 0 0 0 90
Water Heat 18 11 0 124 89 0 0 0 64 7 0 0 313
Space Heat 153 143 0 341 501 0 0 0 54 59 0 0 1,251
Other 0 0 0 0 0 0 0 0 0 0 0 0 0

SERVICES 390 0 0 1,559 1,072 0 0 0 1,656 195 0 0 4,872

TRANSPORTATION 0 0 0 11,753 0 0 0 0 45 0 0 0 11,798
Passenger 0 0 0 8,531 0 0 0 0 39 0 0 0 8,570

Road Pass 0 0 0 6,968 0 0 0 0 0 0 0 0 6,968
Rail Pass 0 0 0 235 0 0 0 0 39 0 0 0 274
Air Pass 0 0 0 1,328 0 0 0 0 0 0 0 0 1,328

Freight 0 0 0 3,222 0 0 0 0 6 0 0 0 3,228
Road Frt 0 0 0 3,058 0 0 0 0 0 0 0 0 3,058
Rail Frt 0 0 0 36 0 0 0 0 6 0 0 0 42

.Air Frt 0 0 0 77 0 0 0 0 0 0 0 0 77
WaterFrt 0 0 0 51 0 0 0 0 0 0 0 0 51

INElUSTRY 3,126 393 0 5,798 3,433 0 0 0 3,397 125 0 0 16,272
Iron & steel 1,612 0 0 208 364 0 0 0 416 0 0 0 - _2,600
Non-terr. metal 56 0 0 105 87 0 0 0 372 0 0 0 620
Stone,glass,cla 435 _16 0 467 467 0 0 0 225 0 0 0 1,610
Paper & pulp 59 218 0 139 208 0 0 0 366 0 0 0 990
Chemical 373 24 0 3,833 1,248 0 0 0 732 24 0 0 6,234 ,

All-Energy 307 24 0 448 826 0 0 0 732 24 0 0 2,361
Fdstcks, etc 66 0 0 3,385 422 0 0 0 0 0 0 0 3,873

Other industry 591 135 0 1,046 1,059 0 0 0 1,286 .101 0 0 4,218



AGRICULTURE 17 12 o 663 147 o o o 126 o o o 965

OECD Pacific, 1990 [PJ)

Ceal Biomass CrudeOi Petroleu Nat Gas Uranium Hydropow Renewabl Electr Heat Sugarcan Alcohol TOTAL

Production 4,699 211 1,300 0 956 2,203 454 11 0 0 0 0 . 9,834
Net Imports 41 0 8,596 2,407 1,646 0 0 0 0 O· 0 0 12,690
Discrepancies -154 0 38 -439 26 0 0 0 2 0 0 0 -527

TPES 4,586 211 9,934 1,968 2,628 2,203 454 11 2 0 0 0 21,997

Electr Gen -2,178 0 0 -1,483 -1,530 -2,203 -454 -11 3,715 0 0 0 -4,144
Dist Heat 0 0 0 0 0 0 0 0 0 0 0 0 0
Oil Refining 0 0 -9,189 8,693 0 0 0 0 0 0 0 0 -496
Alcohol Prod 0 0 0 0 0 0 0 0 0 0 0 0 0
Losses & Own Use -619 0 -745 -160 -37 0 0 0 -435 0 0 0 -1,996

TFC 1,789 211 0 9,018 1,061 0 0 0 3,282 0 0 0 15,361

HOUSEHOLDS. 8 78 0 599 410 0 0 0 841 0 0 0 1,936
Urban 6 60 0 461 315 0 ·0 0 648 0 0 0 1,490

Refrigerat 0 0 0 0 0 0 0 0 68 0 0 0 68
lighting 0 0 0 0 0 0 0 0 64 0 0 0 64
Air Cond. 0 0 0 0 0 0 0 0 21 0 0 0 21
OtherAppl 0 0 0 0 0 0 0 0 180 0 0 0 180
Cooking 0 0 0 15 60 0 0 0 75 0 0 0 150
Water Heat 0 0 0 204 153 0 0 0 92 0 0 0 449
Space Heat 6 eo 0 242 102 0 0 0 148 0 0 0 558
Other 0 <':',0 0 0 0 0 0 0 0 0 0 0 0

Rural 2 18 0 138 95 0 0 0 193 0 0 0 446
Refrigerat 0 0 0 0 0 0 0 0 20 0 0 0 20
lighting 0 0 0 0 --~. 0 0 0 0 19 0 0 0 19
AirCond. 0 0 0 0 0 0 0 0 6 0 0 0 6
OtherAppl 0 0 0 0 0 0 0 0 54 0 0 0 54
Cooking 0 0 0 4 18 0 0 0 22 0 0 0 44
Water Heat 0 0 0 61 46 0 0 0 27 0 0 0 134
Space Heat 2 18 0 73 31 0 0 0 45 0 0 0 169
Other 0 0 0 0 0 0 0 0 0 0 0 0 0

,
SERVICES 14 0 0 691 141 0 0 0 564 0 0 0 1,410

TRANSPORTATION 0 0 0 4,274 0 0 0 0 38 0 0 0 4,312
Passenger 0 0 0 2,441 0 0 0 0 34 0 0 0 2,475

Road Pass 0 0 0 1,798 0 O. 0 0 0 0 0 0 1,798
Rail Pass 0 0 0 204 0 0 0 0 34 0 O. 0 238
Air Pass <" 0 0 0 439 0 0 0 0 0 0 0 0 439

Freight 0 0 0 1,833 0 0 0 0 4 0 0 0 1,837
Road Frt 0 0 0 1,695 0 0 0 0 0 0 0 0 1,695
Rail Frt 0 0 0 22 0 0 0 0 4 0 0 0 26
AirFrt 0 0 0 27 0 0 0 0 0 0 0 0 27
WaterFrt 0 0 0 89 0 0 0 0 0 0 0 0 89

INDUSTRY 1,767 133 0 3,127 510 0 0 0 1,823 0 0 0 7,360
Iron & steel 1,265 0 0 68 51 0 0 0 325 0 0 0 1,709

\Non-ferr. metal 51 3 0 75 71 0 0 0 139 0 0 0 339
Stone,glass,cla 225 0 0 106 51 0 0 0 78 0 0 0 460
Paper & pulp 61 15 0 70 17 0 0 0 128 0 0 0 291
Chemical 64 9 . 0 1,768 101 0 0 0 212 0 0 0 2,154

All-Energy ·64 9 '0 115 60 0 0 0 212 0 0 0 460 ~
Fdstcks, etc 0 0 0 1,653 41 0 0 0 / 0 0 0 0 1,694 0

l»Other industry 101 106 0 1,040 219 0 0 0 941 0 0 0 2,407
j-----

AGRICULTURE 0 0 0 327 0 0 0 0 16 0 0 0 343
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Former Soviet Union, 1990 [PJ]

r'
Coal Biomass CrudeOi Petroleu Nat Gas Uranium Hydropow Renewabl ' Electr. Heat Sugarcan Alcohol TOTAL

~
Production 12,434 426 24,012 0 27,629 2,303 914 0 0 0 0 0 67,718 0
Net Imports' -490 0 -4,544 -2,075 -3,256 0 '0 0 . -126 0 0 0 -10,491.

.j:>.

Discrepancies -48 0 -80 63 -199 0 0 0 -67 539 0 0 208'\

TPES 11,896 426 19,388 -2,012 24,174 .2,303 914 0 -193 539 0 0 57,435

Electr Gen -4,084 0 0 -1,885 -6,370 -2,303 -914 0 6,214 0 0 0 -9,342
Dist Heat -1,745 0 0 -966 -3,255 0 0 0 0 5,190 0 0 -776
Oil Refining 0 0 -18,981 18,336 0 0 0 0 0 0 0 0 -645
Alcohol Prod 0 0 0 0 0 0 0 0 0 0 0 0 0
Losses & Own Use -198 0 -407 -37 -3,127 0 0 0 -1,494 -1,272 0 0 -6,535

,p

TFC 5,869 426 0 13,436 11,422 0 0 0 4,527 4,457 0 0 40,137

HOUSEHOLDS 421 426 0 246 2,659 0 0 0 797 2,215 0 0 6,764
Urban 274 277 0 160 1,730 0 0 0 518 1,441 0 0 4,400

Refrigerat . 0 0 0 0 0 0 0 0 69 0 0 0 69
Lighting 0 0 0 0 0, 0 0 0 91 0 0 0 91
AirCond. 0 0 0 0 0' 0 0 0 5 0 0 0 5

·OtherAppl 0 0 0 0 0 0 0 0 328 0 0 0 328
Cooking 4 7 0 36 289 0 0 0 25 0 0 0 361
WaterHeat 22 22 0 0 201 0 0 0 0 201 0 0 446
Space Heat 248 248 0 124 1,240 0 0 0 0 1,240 0 0 3,100
Other 0 0 0 0 0 0 0 0 0 0 0 0 0

Rural 147 149 0 86 929 0 0 0 279 774 0 0 2,364
Refrigerat 0 0 0 0 0 0 0 0 37 0 0 0 37
Lighting -0 0 0 0 0 0 0 0 49 ,,- 0 0 0 49
Air Condo 0 0 0 0 0 0 0 0 3 ~'.:~ 0 0 0 3
OtherAppl 0 0 0 0 0 0 0 0 176 0 0 0 176
Cooking 2 4 0 19 155 0 0 0 14 0 0 0 194
WaterHeat 12 12 0 0 108 0 0 0 0 108 0 0 240
Space Heat 133 133 0 67 666 0 0 0 0 666 0 0 1,665
Other 0 0 0 0 0 0 0 0 0 0 0 0 0

SERVICES 1,059 0 0 0 .809 0 0 0 374 872 0 0 3,114

TRANSPORTATION 535 0 0 5,838 0 0 0 0 161 0 0 0 6,534
Passenger 142 0 0 2,725 0 0 0 0 43 0 0 0 2,910

Road Pass 0 0 0 1,789 0 0 0 0 0 0 0 0 1,789
Rail Pass 142 0 0 255 0 0 0 0 43 0 0 0 440
Air Pass 0 0 6 681 0 0 0 0 0 0 0 0 681

Freight 393 0 0 3,113 0 0 0 0 118 0 0 0 3,624
Boad Frt 0 0 0 2,281 0 0 0 0 0 0 0 0 2,281
Rail Frt 393 0 0 707 0 0 0 0 118 0 0 0 1,218
Air Frt 0 0 0 24 0 0 0 0 0 0 0 0 24
WaterFrt 0 0 0 101 0 0 0 0 0 0 0 0 101

INDUSTRY 3,539 0 0 4,610 7,494 0 0 0 2,843 1,370 0 0 19,856
- -Iron~steel 2,694 0 '0 188 150 0 0 0 454 0 0 0 . ·3,486

Non-ferr. metal 176 0 0 151 391 0 0 0 441 101 0 0 1,260
Stone,glass,cla 410 0 0 432 1,145 0 0 0 173 0 0 0 2,160
Paper & pulp 0 0 0 0 0 0 0 0 92 88 0 0 180
Chemical 259 0 o 2,360 922 0 0 0 461 1,181 0 0 5,183

All-Energy 259 0 0 58 922 0 0 0 461 1;181 0 0 2,881
Fdstcks, etc 0 0 0 2,302 0 0 0 0 0 0 0 0 2,302

Other industry 0 0 0 1,479 4,886 0 0 0 1,222 ·0 0 0 7,587

AGRICULTURE :i15
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Eastern Europe, 1990 [PJ]

Coal Biomass CrudeOi Petroleu NatGas Uranium Hydropow Renewabl Electr Heat Sugarcan Alcohol TOTAL

Production 6,285 0 477 0 1,205 579 87 0 0 0 0 0 ' 8,633
Net Imports -396 0 2,371 -138 1,372 0 0 0 101 0 0 0 3,310
Discrepancies -71 0 -27 77 -44 0 0 0 -12 -19 0 a -96

TPES 5,818 a 2,821 ·61 2,533 579 87 0 89 -19 0 a 11,847

ElectrGen ·1,867 a 0 -256 -317 -579 -87 0 1,300 0 0 a -1,806
Dist Heat -2,000 0 0 -241 -387 a 0 0 0 1,971 0 a -657
Oil Refining 0 0 -2,810 2,591 0 a 0 0 a 0 0 0 -219
Alcohol Prod 0 0 a 0 a a 0 a 0 0 a a 0
Losses & Own Use -286 0 -11 ·88 -63 a 0 0 -353 -146 a a -947

TFC 1,665 a a 1,945 1,766 a 0 0 1,036 1,806 a 0 8,218

HOUSEHOLDS ' 204 0 0 92 231 0, 0 0 327 665 a a 1,519
Urban 133 a a 59 150 a ,0 0 213 432 0 a 987

Refrigerat a a a a a a 0 a 48 0 0 0 48
Lighting 0 0 0 0 0 a 0 0 19 0 a 0 19
Air Condo 0 0 0 a 0 a 0 0 2 0 a 0 2
OtherAppl 0 0 0 a 0 0 0 a 65 0 a 0 65
Cooking 4 0 0 7 24 0 0 a 9 0 0 0 44
Water Heat 65 0 0 16 48 0 0 0 10 16 0 0 155
Space Heat 64 "a 0 36 78 0 0 0 60 416 0 0 654
Other a .-\. a 0 a 0 0 0 a a 0 a 0 0

Rural 71 a a 33 81 a 0 a 114 233 a 0 532
Refrigerat a -0 0 0 0 a 0 a 26 a a 0 26
Lighting a a 0 0 a 0 0 a 10 a a 0 10
Air Condo a a 0 0 a a 0 a 1 a a 0 1
OtherAppl a a 0 a 0 a 0 a 35 0 a a 35
Cooking 2 a a 4 13 a 0 a 5 0 0 0 24
Water Heat 35 a a 9 26 a 0 a 5 9 a 0 84
Space Heat 34 a a 20 42 a 0 a 32 224 a 0 352
Other a a a 0 0 a 0 a a a a 0 0

SERVICES 566 a 0 18 189 a 0 a 63 63 a 0 899

TRANSPORTATION 17 a 0 1,005 0 0 0 a 5 a a 0 1,027
Passenger 9 0 0 410 0 a 0 0 3 0 a 0 422

Road Pass 0 0 0 272 0 a 0 a 0 0 0 0 272
Rail Pass

c~ 9 0 0 93 0 0 0 0 3 a 0 0 105
Air Pass 0 0 0 45 0 0 0 0 0 0 0 0 45

Freight 8 0 0 595 0 0 0 0 2 a 0 0 605
Road Frt 0 0 0 506 0 0 0 0 0 0 0 0 506
RailFrt 8 a 0 81 0 0 0 0 2 0 0 0 91
AirFrt 0 0 0 2 0 0 0 0 0 0 0 0 2
Water Frt 0 0 0 6 0 0 0 0 0 0 0 0 6

INDUSTRY 836 0 0 612 1,305 0 0 0 571 1,061 0 0 4,385
. Iron & steel 355 0 O. 14 966 0 0 0 57 28 0 0 1,420
·'Non-ferr. metal 6 0 0 2 11 0 0 0 21 0 0 0 40

Stone,glass,cla 86 0 0 7 17 0 0 0 10 0 0 0 120
Paper & pulp. 0 0 0 0 0 0 0 0 0 0 0 0 0
Chemical 15 0 0 252 311 0 0 0 56 131 0 0 765

All-Energy 8 0 '0 "(8 168 0 0 0 53 103 0 0 410
Fdstcks, etc 7 0 0 174 143 0 0 0 "-J 3 28 0 0 355 0u.

Other industry 374 0 0 :i37 0 0 0 0 427 902 0 0 2,040
j

AGRICULTURE 42 0 0 218 41 0 0 0 70 17 0 0 388



Africa, 1990 [PJ]

Coal Biomass Crud~Oi Petroleu Nat Gas Uranium Hydropow Renewabl Electr Heat Sugarcan Alcohol TOTAL
.....-

Produclion 4,817 4,683 13,728 0 2,521 91 197 1 ,0 0 0 a 26,038 0
Net Imports -1,129 a -8,808 -932 -1,241 a 0 a -4 0 a 0 -12,114 0\

Discrepancies -4 a -84 57 -1 a a 0 -15 0 a a -47

TPES ~,684 4,683 4,836 -875 1,279 91 197 1· -19 0 a 0 13,8Th

Electr Gen -2,028 0 a -505 -419 -91 -197 -1 1,153 0 0 a -2,088
Dist Heat a a a 0 a a 0 a 0 0 0 a 0
Oil Refining a a -4,836 4,570 0 a a a 0 0 a a -266
Alcohol Prod 0 a a 0 a a a a a 0 a a a
Losses & Own Use -813 a a 0 -524 a a a -181 0 0 a -1,518

TFC 843 4,683 0 3,190 336 a 0 0 953 0 a a 10,005

HOUSEHOLDS 51 4,609 a 355 42 a a a 171 a a a 5,228
Urban 17 1,521 0 113 14 a 0 0 96 a 0 a 1,761

Refrigerat a a 0 0 a a 0 a 31 0 0 a 31
Lighting 0 a a 10 a a a a 27 0 a a 37
Air Condo a 0 0 0 0 a 0 0 10 0 0 0 10
OtherAppl 0 0 0 0 Q a 0 a 0 0 0 0 0
Cooking 0 a 0 0 0' a 0 0 0 0 0 0 0
Water Heat a 0 0 0 0 a 0 0 a 0 a a a
Space Heat 0 a a 0 a a a a a 0 0 a a
Other 17 1,521 0 103 14 a 0 0 28 0 0 a 1,683

Rural 34 3,088 a 242 28 a 0 0 75 0 0 a 3,467
Refrigerat a a a 0 a 0 a 0 17 0 0 0 17
Lighting a a 0 32 0 0 0 0 2 0 0 0 34
Air Condo 0 0 0 0 0 0 0 0 0 0 0 a a
OtherAppl 0 a a 0 a a a 0 a .-. 0 0 0 a
Cooking a a a 0 a 0 a 0 a 0 0 0 a
Water Heat a a a 0 o a a a 0

""\.~~ 0 a a a
Spai::eHeat a a a 0 a a 0 a 0 0 a a a
Other 34 3,088 a 210 28 a 0 a 56 0 a a 3,416

SERVICES a a a 350 65 a 0 0 234 0 0 0 649

TRANSPORTATION 26 a 0 1,533 a a 0 0 7 0 0 a 1,566
Passenger 20 a 0 621 a a 0 a 5 0 a a 646

RoadPass a a a 344 a 0 0 0 a 0 a a 344
Rail Pass 20 a 0 40 a 0 0 a 5 0 a a 65
Air Pass a a a 237 a a 0 a 0 0 0 a 237

Freight 6 a a 912 0 a a 0 2 0 0 a 920
RoadFrt a a 0 885 a 0 a 0 a 0 a 0 885
Rail Frt 6 a a 13 0 0 0 0 2 0 a a 21
Air Frt 0 0 a 8 a 0 0 0 0 0 0 a 8
WaterFrt a 0 0 6 a a 0 a 0 0 0 a 6

INDUSTRY 757 74 0 924 229 0 0 0 519 0 0 0 2,503
Iron & sleel 120 24 a 116 48 0 0 0 92 0 0 a 400
Non-Ierr. metal 19 4 0 22 4 0 0 0 61 0 0 a 110
Stone.glass.cla 57 11 0 55 23 0 0 0 44 0 0 a 190
Paper &pulp 14 17 0 18 3 0 0 0 29 0 0 0 81
Chemical 90 18 0 282 79 0 0 0 69 0 0 a 538

All-Energy 90 18 ' a 87 - 36 0 0 0 69 0 0 0 300
Fdstcks, etc 0 a 0 195 43 0 0 0 0 0 0 0 238

Other industry 457 a 0 431 72 0 0 0 224 0 0 a 1,184

AGRICULTURE 9 0 0 28 0 0 0 0 22 0 0 a 59

. J % D'* "s1?rkS'T "gYnmmW#?Rr' -»ti¥ir 'WIRttn Vb FrWHr 'ita t t' am .e ?:~ . - t?1Yf'ttti'G'fiY;~'W' " ' ~, we)"' I'M ¢h ~ " 3d H, I t I Mi?' $ojj" 'ztfCfT cun W''s.?"k"'b''Ke·p h ~iw §' if' ("'2 ~ . Stad-' t}trta j ," t « wi'



AGRICULTURE 9 0 0 28 0 0 0 0 22 0 0 0 59

--~ ;.u;j.:~......;. ••..•.• ~~~..::~. '~.,~'_~:_~"_".u:..~

Latin America, 1990 [PJ]

Coal Biomass Crude Oi Petroleu Nat Gas Uranium Hydropow Renewabl Electr Heat Sugarcan Alcohol TOTAL

Production 919 2,968 16,211 0 3,226 136 1,418 21 0 0 494 0 25,393
Net Imports -11 0 -3,931 -1,671 18 0 0 0 -8 0 0 0 -5,603
Discrepancies -40 0 -666 475 -10 0 0 0 -15 0 0 0 -256

TPES 868 2,968 11,614 -1,196 3,234 136 1,418 21 -23 0 494 0 19,534

Electr Gen -247 0 0 -1,163 -759 -136 -1,418 -21 2,175 0 0 0 -1,569
Dist Heat 0 0 0 0 0 0 0 0 0 0 0 0 0
Oil Refining 0 0 -11,614 10,638 0 0 0 0 0 0 0 0 -976
Alcohol Prod 0 0 0 0 0 0 0 0 0 0 -494 346 -148
Losses & Own Use -101 0 0 -56 -682 0 0 0 -387 0 0 0 -1,226

TFC 520 2,968 0 8,223 1,793 0 0 0 1,765 0 0 346 15,615

HOUSEHOLDS 8 . 2,381 0 832. 292 0 0 0 487 0 0 0 4,000
Urban 6 1,666 0 551 204 . 0 '0 0 391 0 0 0 2,818

Refrigerat 0 0 0 0 0 0 0 0 141 0 0 0 141
Lighting 0 0 0 0 0 0- 0 0 68 0 0 0 68
AirCond. 0 0 0 0 0 0 0 0 18 0 0 0 18
OtherAppl 0 0 0 0 0 0 0 0 0 0 0 0 0
Cooking 0 0 0 0 0 0 0 0 0 0 0 0 0
Water Heat 0 0 0 0 0 0 0 0 0 0 0 0 0
Space Heat 0 ,., .·0 0 0 0 0 0 0 0 0 0 0 0
Other 6 [.666 0 551 204 0 0 0 164 0 0 0 2,591

Rural 2 71_5.. 0 281 88 0 0 0 96 0 0 0 1,182
Refrigerat 0 0 0 ' 0 0 0 0 0 20 0 0 0 20
Lighting 0 0 0 44 0 0 0 0 6 0 0 0 50
Air Condo a 0 0 0 0 a 0 a a 0 0 0 0
OtherAppl 0 0 0 0 0 0 0 0 0 0 0 a 0
Cooking a 0 0 0 0 a a 0 a 0 0 a 0
Water Heat a 0 0 0 0 0 0 a a 0 0 a 0
Space Heat a 0 0 0 0 0 0 0 a 0 0 0 0
Other 2 715 a 237 88 0 0 a 7a 0 0 0 1,112

SERVICES 4 0 0 93 20 a 0 0 288 0 0 0 405

TRANSPORTATION a 0 a 4,750 0 a 0 a 3 0 0 346 5,099
Passenger a 0 0 1,789 0 a 0 a 1 0 0 139 1,929

Road Pass 0 0 0 1\371 0 a 0 0 0 0 0 139 1,510
Rail Pass c~ a 0 0 31 0 0 a 0 1 0 0 0 32
Air Pass a 0 a 387 0 0 0 a 0 0 0 0 387

Freight 0 0 a 2,961 0 a 0 a 2 0 0 207 3,170
Road Frt a a 0 2,749 0 a 0 a 0 0 0 207 2,956
Rail Frt 0 0 a 80 0 a 0 0 2 0 0 a 82
AirFrt 0 0 0 53 0 0 0 a 0 0 0 0 53
WaterFrt a a a 79 0 a 0 0 0 .0 0 a 79

INDUSTRY 506 587 0 2,202 1,479 0 0 0 935 0 0 0 5,709
\. Iron & steel 414 276 0 207 207 a 0 0 276 0 0 a 1,380

"Non-Ierr, metal 27 39 a 70 31. 0 0 0 222 0 0 0 389
Stone,glass,cla 0 82 0 155 155 0 0 0 39 0 0 0 431
Paper & pulp 20 55 a 60 ao 0 0 a 95 0 0 0 250
Chemical 5 135 0 1.149 583 0 0 0 64 0 0 0 1,936

All-Energy 0 135 a 256 256 0 0 0 64 0 0 0 711 •....
Fdstcks, etc 5 0 a 893 327 0 0 0

-:t
0 0 0 0 1,225 0-....]

Other industry 40 0 0 561 483 a 0 0 239 0 0 0 .-,1,323

AGRICULTURE 2 0 0 346 2 0 0 a 52 0 0 0 402



Middle East, 1990 [PJ]

Coal Biomass Crude Oi Petroleu Nat Gas Uranium Hydropow 'Rene,wabl Electr Heat Sugarcan Alcohol TOTAL

"
Production 33 55 36,312 0 3,729 0 38 0 .0 0 0 0 40,167 0
Net Imports 119 0 -26,197 -2,983 -200 0 0 0 -1 0 0 0 -29,262 00

Discrepancies -5 0 -14 -508 -16 0 0 0 12 0 0 0 -531

TPES 147 55 10,101 -3,491 3,513 0 38 O· 11 0 0 0 10,374'

Electr Gen -97 0 0 -942 -1,068 0 -38 0 862 0 0 0 -1,283
Dist Heat 0 0 0 0 0 0 0 0 0 0 0 0 0
Oil Refining 0 0 -9,883 9,359 0 0 0 0 0 0 0 0 -524
Alcohol Prod 0 0 0 0 0 0 0 0 0 0 0 0 0
Losses & Own Use 0 0 -218 -9 -1,088 0 0 0 -158 0 0 0 -1,473

TFC 50 55 0 4,917 1,357 0 0 0 715 0 0 0' 7,094

HOUSEHOLDS 0 52 0 787 28 0 0 0 74 0 0 0 941
Urban 0 36 0 551 20 0 0 0 51 0 0 0 658

Refrigerat 0 0 0 0 0 0 0 0 29 0 0 0 29
Lighting 0 0 0 0 0 0 0 0 14 0 0 0 14
Air Cond. 0 0 0 0 0 0 0 0 2 0 0 0 2
OtherAppl 0 0 0 0 0 0 0 0 0 0 0 0 0
COOking 0 0 0 0 0 0 0 0 0 0 0 0 0
Water Heat 0 0 0 0 0 0 0 0 0 0 0 0 0
Space Heat 0 0 0 0 0 0 0 0 0 0 0 0 0
Other 0 36 0 551 20 0 0 0 6 0 0 0 613

Rural 0 16 0 236 8 0 0 0 23 0 0 0 283
Refrigerat 0 0 0 0 0 0 0 0 13 0 0 0 13
Lighting 0 0 0 0 0 0 0 0 6 0 0 0 6
Air Cond. 0 0 0 0 0 0 0 0 1 0 0 0 1
OtherAppl - 0 0 0 0 0 0 0 0 0 0 0 0 0
Cooking 0 0 0 0 0 0 0 0 0 .~-~~ 0 0 0 0
Water Heat 0 0 0 0 0 0 0 0 0 0 0 0 0
Space Heat 0 0 0 0 0 0 0 0 0 0 0 0 0
Other 0 16 0 236 8 0 0 0 3 0 0 0 263

SERVICES 0 0 0 304 206 0 0 0 471 0 0 0 981

TRANSPORTATION 0 0 0 2,318 0 0 0 0 0 0 0 0 2,318
Passenger 0 0 0 1,033 0 0 0 0 0 0 0 0 1,033

Road Pass 0 0 0 803 0 0 0 0 0 0 0 0 803
Rail Pass 0 0 0 0 0 0 0 0 0 0 0 0 0
Air Pass 0 0 0 230 0 0 0 0 0 0 0 0 230

Freight 0 0 0 1,285 0 o 0 0 0 0 0 0 1,285
Road Frt 0 0 0 1,285 0 0 0 0 0 0 0 0 1,285
Rail Frt 0 0 0 0 0 0 0 0 0 0 0 a a
AirFrt 0 0 0 0 0 0 a 0 0 0 0 0 a
WaterFrt a 0 0 0 0 0 a 0 0 0 0 0 a

INDUSTRY 49 3 0 1,414 1,096 0 0 0 156 0 0 a 2,718
Iron & steel 10 0 0 240 220 0 0 0 30 0 0 0 500
Non-ferr, metal 1 a 0 12 7 a 0 0 31 0 0 0 51

---Ston-e~glass,cla 15 0 0 365 314 0 0 a 37 0 0 0 731
Paper &pulp 1 3 0 77 16 0 0 0 34 0 0 0 131
Chemical 12 0 0 505 264 0 0 0 24 0 0 0 805,

All-Energy 12 0 0 300 264 0 0 0 24 0 0 0 600
Fdstcks, etc 0 0 0 205 0 0 0 0 0 0 0 0 205 ,

Other industry 10 0 0 215 275 0 0 0 0 0 0 0 500

AGRICULTURE a 0 94 27 0 0 0 14 0 0 0 136
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chlna-, 1990 [PJ]

Coal Biomass CrudeOi Petroleu Nat Gas Uranium Hydropow Renewabl Electr Heat Sugarcan Alcohol TOTAL

Production 23,533 2,214 6,008 0 535 0 580 0 0 0 0 0 32,870
Net Imports ·289 0 ·888 60 0 0 0 0 6 0 0 0 ·1,111
Discrepancies ·398 0 26 13 -8 0 0 0 -3 -3 0 0 -373

TPES 22,846 2,214 5,146 73 527 0 580 0 3 ·3 0 0 31,386

ElectrGen ·5,545 0 0 -472 -27 0 -580 0 2,462 0 0 0 -4,162
Dist Heat -586 0 0 -124 -9 0 0 0 0 626 0 0 -93
Oil Relining 0 0 -4,868 4,410 0 0 0 0 0 0 0 0 -458
Alcohol Prod 0 0 0 0 0 0 0 0 0 0 0 0 0
Losses & Own Use -1,388 0 -278 -108 ·45 0 0 0 -434 -6 0 0 -2,259

TFC 15,327 2,214 0 3,779 446 0 0 0 2,031 617 0 0 24,414

HOUSEHOLDS 3,467 2,131 0 142 78 0 0 '0 176 89 0 0 6,083
Urban 1,325 443 ·0 45 25 0 0 0 74 51 0 0 1,963

Refrigerat 0 0 0 0 0 0 0 0 16 0 0 0 16
Lighting 0 0 0 0 0 0 0 0 16 0 0 0 16
AirCond. 0 0 0 0 0 0 0 0 0 0 0 0 0
OtherAppl 0 0 0 0 0 0 0 0 0 0 0 0 0
Cooking 0 0 0 0 0 0 0 0 0 0 0 0 0
Water Heat 0 0 0 0 0 0 0 0 0 0 0 0 0
Space Heat 519 ,.. ·0 0 0 0 0 0 0 0 33 0 0 552
Other 806 '-443 0 45 25 0 0 0 42 18 0 0 1,379

Rural 2,142 1,68.13.. 0 97 53 0 0 0 102 38 0 0 4,120
Refrigerat 0 0 0 0 0 0 0 0 0 0 0 0 0
Lighting 0 0 0 0 0 0 0 0 13 0 0 0 13
AirCond. 0 0 0 0 0 0 0 0 0 0 0 0 0
OtherAppl 0 0 0 0 0 0 0 0 0 0 0 0 0
Cooking 0 0 0 0 0 0 0 0 0 0 0 0 0
Water Heat 0 0 0 0 0 0 0 0 0 0 0 0 0
.space Heat 427 747 0 0 0 0 0 0 0 0 0 0 1,174
Other 1,715 941 0 97 53 0 0 0 89 38 0 0 2,933

SERVICES 453 0 0 7 14 0 0 0 219 14 0 0 707

TRANSPORTATION 504 0 0 1,667 0 0 0 0 9 0 0 0 2,180
Passenger 219 0 0 423 0 0 0 0 4 0 0 0 646

Road Pass 0 0 0 275 0 0 0 0 0 0 0 0 275
Rail Pass ~~ 219 0 0 32 0 0 0 0 4 0 0 0 255
Air Pass 0 0 0 116 0 0 0 0 0 0 0 0 116

Freight 285 0 0 1,244 0 0 0 0 5 0 0 0 1,534
Road Frt 0 0 0 1,096 0 0 0 0 0 0 0 0 1,096
Rail Frt 285 0 0 42 0 0 0 0 5 0 0 0 332
AirFrt 0 0 0 0 0 0 0 0 0 0 0 0 0
Water Frt 0 0 0 106 0 0 0 0 0 ·0 0 0 106

INDUSTRY 10,457 83 0 1,579 354 0 0 0 1,46i; 514 0 0 14,454
..,Iron & steel 4,167 0 o 570 162 0 0 0 329 0 0 0 5,228
Non-terr. metal 213 7 0 103 7 0 0 0 334 0 0 0 664
Stone,glass,cla 2,030 0 0 278 79 0 0 0 160 0 0 0 2,547
Paper & pulp. 118 76 0 61 4 0 0 0 134 0 0 0 393
Chemical 1,498 0 . 0 567 58 0 0 0 118 0 0 0 2,241

AII·Energy 1,498 0 0 205 58 0 0 0 /. 118 0 0 0 1,879 •.....
Fdstcks, etc 0 0 0 ~62 0 0 0 0 0 0 0 0 362 01.0

Other industry 2,431 0 0 0 44 0 0 0 392 514 0 0 ..-'3,381

AGRICULTURE 446 0 0 384 0 0 0 0 - 160 0 0 0 990
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South & EastAsia, 1990 [PJ]

Coal Biomass CrudeOi Petroleu NatGas Uranium Hydropow Renewabl Electr Heat Sugarcan Alcohol TOTAL,.;.. •....
Production 5,292 6,362 6,580 a 3,869 1,006 487 24 0 0 0 0 23,620 •....
Net Imports 1,585 a 3,958 890 -1,562 a a a ~7- a a Q 4,864 0

Discrepancies -164 0 -338 -596 -22 a a 0 14 0 a 0 -1,106

TPES 6,713 6,362 10,200 294 2,285 1,006 487 24 7 a a 0 27,378"

Electr Gen -3,347 a a -1,336 -697 -1,006 -487 -24 2,611 a 0 0 -4,286
Dist Heat a a a a a a 0 0 0 0 a 0 a
Oil Refining a 0 -10,180 9,467 0 a 0 0 0 a 0 0 -713
Alcohol Prod 0 0 0 0 0 a a 0 0 a 0 0 a
Losses & Own Use -228 0 -20 -68 -569 a a 0 -549 a 0 0 -1,434

TFC 3,138 6,362 a 8,357 1,019 a a 0 2,069 a 0 0 20,945

".
HOUSEHOLDS 500 6,194 0 1,150 102 a 0 0 335 0 0 0 8,281
Urban 140 1,734 0 342 29 a a 0 170 0 0 0 2,415

Refrigerat 0 0 0 a 0 a a 0 .65 0 0 0 65
Lighting 0 0 a 28 0 a 0 0 43 a 0 0 71

. Air Condo 0 0 0 0 0 a 0 0 0 a 0 0 0
OtherAppl 0 0 0 a 0 a a 0 0 a 0 0 0
Cooking 0 a 0 a 0: a 0 0 0 0 0 0 0
Water Heat 0 0 0 0 0 0 a 0 0 0 0 0 0
Space Heat 0 0 a 0 0 a 0 0 0 0 0 0 a
Other 140 1,734 0 314 29 0 0 0 62 0 a 0 2,279

Rural 360 4,460 0 808 73 0 0 0 165 0 a 0 5,866
Refrigerat 0 a 0 a 0 a 0 0 3 0 0 0 3
Lighting 0 0 0 0 0 a 0 0 3 0 0-- 0 3
Air Condo 0 a 0 a a a •. 0 0 0 0 0 0 0
OtherAppl -0 0 0 0 0 a 0 0 0 - 0 0 0 0
Cooking 0 a 0 0 0 0 0 0 a 0 0 0 0
Water Heat 0 0 0 0 0 a 0 0 0 ~':-.. 0 a 0 0
Space Heat a a 0 0 a a 0 0 a 0 0 a 0
Other 360 4,460 a 808 73 a 0 a 159 0 a a 5,860

SERVICES 112 0 a 298 161 a a 0 670 0 0 0 1,241

TRANSPORTATION 95 o '0 4,395 0 0 0 0 6 0 0 0 4,496
Passenger 74 0 a 2,600 0 a 0 0 5 0 0 0 2,679

Road Pass 0 a 0 2,182 0 0 a 0 0 0 0 0 2,182
Rail Pass 74 0 0 277 0 0 0 0 5 0 a 0 356
Air Pass 0 a 0 141 0 0 0 0 0 0 0 0 141

Freight 21 0 0 1,795 0 a 0 0 1 0 0 0 1,817
Road Frt a a 0 1,674 0 0 a 0 0 0 0 0 1,674
Rail Frt 21 a 0 80 0 0 0 0 1 0 0 0 102
Air Frt 0 a 0 15 a a a 0 0 0 0 0 15
WaterFrt 0 0 0 26 0 a 0 0 a 0 0 0 26

INDUSTRY 2,431 168 0 2,270 754 0 0 0 889 0 0 0 6,512
Iron & steel 950 a a 285 285 a a 0 380 a 0 0 1,900
Non-ferr. metal 11 4 0 13 2 a 0 a 31 0 0 0 61

Stone,glass,cla 229 56 0 174 74 a 0 0 87 0 0 0 620
Paper & pulp 31 32 0 41 7 a 0 0 60 0 0 0 171
Chemical 311 76 a 977 187 0 0 a 118 0 0 0 1,669

All-Energy 311 76 0 235 101 a 0 0 118 0 0 0 841 .
Fdstcks, etc 0 0 0 742 86 a 0 0 0 0 0 0 828

Other industry 899 0 a 780 199 a 0 0 213 0 0 0 2,091

AGRICULTURE 0 0 a 244 2 a 0 0 169 a 0 0 415
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APPENDIX B: CONVERGENCE ALGORITHM \

A predicate of the Conventional Development Scenario is that non-OECD societies
gradually converge toward OECD development trajectories, In characterizing the
scenario in Section 3 of this report, we refer to a con?ergence algorithm which is
used to define future values in non-OEeD areas for economic structure, and a number
of activity measures and energy intensities.

The algorithm is based on the notion that as economic development proceeds,
these factors converge toward those of the highly industrialized countries. It is fur-
ther assumed that developing regions do not precisely recapitulate western indus-
trial development trajectories, but rather approach the future values assumed for the
OECD regions in the sc~nario for these factors. The aim of the latter feature is to
reflect the notions of tec1hnological "leapfrogging" and "dematerialization". With
some support from empirical studies of the historic process of industrialization, these
concepts suggest that countries that industrialize later in time, may take advantage
of improved technologies and materials-use which were not available earlier
(Bernardini and Galli 1993; Williams et al. 1987). At comparable levels of develop-
ment, the convergence algorithm assigns, for example, some penetration of advanced
and emerging industrial process technology and energy efficient equipment to de-
veloping regions that were not available to OECD countries during their own period
of industrial take-off.

The convergence algorithm is illustrated in Figure B.1, which plots the variable
under consideration on the y-axis and GDP/capita on the x-axis. The value for a
developing region for 2025 is computed by interpolation along a curve defined by
two points: the 1990 value for the region and the 2025 average value for the OECD
shifted to the 1990 OECD average GDPlcapita. This shift introduces the leapfrog:
ging concept described above. The assumed 2025 GDP/capita in the scenario for the
developing region then defines the value for the variable. Similarly, the 2050'value
is computed by interpolation along a second line defined by the 2025 value for the
region and the 2050 average value for the OECD shifted to 1990 OECD average
GDP/capita.

Expressed mathematically, we have for a given non-OECD region:

(
(GDPPCr.2025 - GDPPCr.1990) J

Vr.2025= Vr.1990+ (VOECD.2025- Vr.I990) X ( )
GDPPCOECD.1990- GDPPCr.1990

and
",

(
(GDPPCr.2050 - GDPP Cr. 2025 ) J

Vr.2050 = Vr.2025+ (VOECD.2050- Vr.2025) X ( )
. GDPPCOECD.1990 - GDPPCr.2025

. where,
Vr,y = value of variable in region r, in year y
VOECD,y = OECD average in year y
GDPPCr,y = GDP per capita in region r, in year y
GDPPCOECD,y = OECD average GDP per capita in year y
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Stockholm Environment Institute
The Stockholm Environment Institute (SEI) was established by the Swedish Parliament in 1989 as an
independent foundation for the purpose of carrying out global environment and development research. The
Institute is governed by an international Board whose members are drawn from developing and industrial-
ized countries worldwide.

Central to the Institute's work have been activities surrounding the Rio UNCED conference, and
previous/to this, the Brandt and Palme Commissions and the work of the World Commission for
Environment and Development. Apart from its working linkages with the relevant specialised agencies of
the UN system, a particular feature of SEI' s work programme is the role it has played in the development
and application of Agenda 21, the action plan for the next century.

A major aim of SEI's work is to bring together scientific research and policy development. The
Institute applies scientific and technical analyses in environmental and development issues of regional and
.global importance. The impacts of different policies are assessed, providing insights into strategy options
.for socially responsible environmental management and economic and social development.

The results of the research are made available through publications, the organisation of and
participation in conferences, seminars and uni versity courses, and also through the development of soft ware
packages for use in the exploration of scientific problems. SEI has also developed a specialised library
which functions as a central catalyst in the short-term and:fpng-term work of the Institute... ,

Research Programme
A multidisciplinary rolling programme of research activities has been designed around the following main
themes, which are being executed via internationally collaborative activities with similar institutions and
agencies worldwide:

o Environmental Resources, including energy efficiency and global trends, energy, environment and
development, and world water resources;

o Environmental Technology, including clean production and low waste, energy technology, envi-
ronmental technology transfer, and agricultural biotechnology;

o Environmental Impacts, including environmentally sound management of low-grade fuels, climate
change and sustainable development, and coordinated abatement strategies for acid depositions;

o Environmental Policy and Management, including urban environmental problems, sustainable
environments and common property management; and

o POLESTAR, a comprehensive modelling and scenario-based activity, investigating the dynamics
of a world with 10 billion people by the middle of the next century.

SEl's Network
'.}SEI has chosen a global network approach rather than a more traditional institutional set-up. The work

programme is carried out by a worldwide network of about 60 full- and part-time and affiliated staff and
consultants, who are linked with the SEI Head Office in Stockholm or to the SEI Offices in Boston (USA),
York(UK) and Tallinn (Estonia). SEI has developed a large mailing register to communicate to key members
of society in government, industry, university, NGOs and the media around the world.
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